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DUST IN PRINTERS’ WORKROOMS * 


C. B. ROOS, B.Se., F.LC. 
H. M. Inspector of Factories 


ISCUSSION having arisen in the 
1) press as to the possible relationship 
hetween tuberculosis in printers and inhala- 
tion of silica dust, I was instructed to in- 
vestigate the quantity and nature of the 
dust in the air of workrooms in which 
Some 


silica is found in “‘printer’s list,” a black 


printing processes are carried on. 


flutfvy substance which collects in com- 
positors’ cases, and its existence there has 
been attributed to: 

1. Sand used in casting and moulding 
iron “chases” (the metal frames into which 
the type is locked). When these rust, the 
sand is loosened and on releasing the type, 
silica and oxide of iron are shaken out. 

2. Silica shaken off the chases by vibra- 
tion in machines. 


) 


3. The ‘dross’? which arises from the 


list” when used type is melted down. 
his dross is skimmed off and often stored 


In open chests in workrooms for months 
until sold. 


a as 

| It was suggested that the silica was car- 
ned ‘rom the compositors’ cases into the 
ar by floating vegetable fibres produced by 


t  - . rt 4 
he paper. The paper fibre was clogged 


a ; ° 
nto the type in the machines: when the 
ss nted from the Annual Report of the Chief In- 
Factories for 1920 by permission of the Con- 
lis Majesty’s Stationery Office. 


"a 


25 


~ 


type was released, the fibre was distributed 
with the silica into the cases, then thrown 
out into the air, and inhaled while the 
compositor was picking out the type he 
wanted. 

It appeared therefore that to test these 
theories information on the following points 
would be useful: (1) quantity of dust in the 
air of printers’ composing and machine 
rooms, and particularly as to whether the 
amount was in excess of that found in the 
air of ordinary rooms; and (2) nature and 
size of dust particles. 

Determinations of the dust were made 
both in old-fashioned works, where con- 
ditions of air space and ventilation were 
usually indifferent, up-to-date 
works, under the best conditions obtain- 


and in 


able. Altogether eight works were visited, 
four “good,” and four “indifferent.” In 
every case the air was drawn in at the 
breathing level of the workers, either in the 
centre of the room, or in the most crowded 
part. 

These determinations were made by a 
special apparatus designed by Mr. G. E. 
Duckering (1). Briefly, the method con- 
sists in drawing a measured volume of the 
air of the workroom through a weighed 
filter-paper and weighing the dust col- 
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lected on the paper. From these results a 
figure representing the dust content of the 
air, known as the “dust figure,” is caleu- 
lated, and can be used for purposes of 
comparison. The dust figure is the number 
of milligrams of dust in 10 cubic metres of 
air, this being a convenient standard to 
adopt. 

The dust collected on the filter was sub- 
mitted to microscopical examination (with 
polarised light) with a view to determining 
the size and character of the constituent 
particles. The results of these determina- 
tions are given in Table 1. The dust 
figures may be compared with those in 
Table 2, which were obtained (1) in the 
open air; (2) in a laboratory. 

In view of the different suggestions as to 
the sources of the silica, samples of dust 
were collected from (a) fluff and dust from 
compositors’ trays and cases; (b) dross 
from melting pots in casting rooms; and 
(¢) paper fibre from machine rooms. Dur- 
ing the investigation another possible 
source of dust was evident, namely, the 
French chalk used in the moulding process; 
a sample of this was also taken. ‘These 
samples were analysed at the government 
laboratory, and the results of the analysis 
appear in Table 3. They can be compared 
with an analysis of a “domestic” dust. 


CONDITIONS IN PRINTING WoRKS 


Composing Rooms. —In_ general, these 
rooms are not particularly well ventilated. 
Although in most cases plenty of windows 
(to open) are provided, they are usually 
found to be closed. The workers seem to 
prefer a warm atmosphere and object to 
windows being open. In some rooms, espe- 
cially those used for newspaper work, there 
is much traffic, and in such cases the dust 
figure is higher than in rooms where traffic is 
restricted. 

The dust in the trays is a woolly, felted, 
fluffy substance; but if the type is removed 


there is also found a fair quantity of fine 
black dust underneath the fluff. Tt j. only 
to be expected that the trays, which, aye 
divided into small compartments, and oy|y 
occasionally cleaned, will accumulate dys). 
When not in use the trays are stored away 
in a sort of cabinet, into which they fit like 
drawers. When an old case is taken into 
use after being disused for some length of 
time, an attempt is usually made to clear 
the dust from the small compartments. 
The old method of doing this, still used in 
many works, is to take the tray into the 
open air and blow the dust away with 
hand bellows. The more modern firms 
have installed dust extractors for this pur- 
pose. These are of two kinds: 

1. A closed box with a fan and duct, 
known as the “Clements’ Case Dust Ex- 
tractor.” The tray is placed inside the box, 
and the motor started. The action is three- 
fold; the tray is agitated so as to stir up the 
type, the dust is blown up into the air in- 
side the box, and drawn away by the fan 
through the duct into a special compart- 
ment, from which it can be cleared. The 
time taken to clear a tray by this method Is 
about thirty seconds, as against fifteen to 
twenty minutes by the hand bellows, be- 
sides which there is no chance of the worker 
breathing the dust. Each compositor 
usually clears his own trays, as he requires 
them. 

2. A vacuum cleaner, similar to those 
used for domestic purposes. A special 
worker is employed to go round the com 
posing room, and keep all trays clean. Its 
disadvantages, as compared with the Clem 
ents’ Extractor, are that there Is 1° 


af) Tro" 
that 


1() he 


device for shaking up the type and 
moving the dust underneath, and 


light, thin pieces of type are liable | 
lifted up with the dust by the suction, and 
carried inside the cleaner. 

Machine Rooms. — Conditions 10 
rooms vary within very wide limits. 
are large and well ventilated, on the ¢ 


} ese 
some 


and 
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joor. with good natural or mechanical amount was used a suction fan was pro- 


~tilation. In many cases, however, the 
-hine rooms are in the basement with 
ficial light constantly in use. They 
» appear to be overcrowded with ma- 
very, their free ventilation being thereby 


restricted. 

\ certain amount of paper dust is usually 
found on the machines, the quantity vary- 
ine with the kind of paper used. ‘The prin- 
cipal varieties of paper met with are as 
follows, in the order of their dustiness: 

|. Antique wove. — This is the dustiest 
paper on the market. It is used almost en- 
tirely for printing high-class novels. 

2. Antique. 





Used for cheap magazine 
work. 

3. News. — Used for cheap-newspapers, 
weekly periodicals, ete. 

t. Thin antique. — Used for books. 

5. Smooth or calendered antique. — Used 
lor high-class newspapers, books, etec., and 
lor the outside of weeklies and cheap maga- 
zines. A fairly smooth paper giving only a 
little dust. 


6. Calendered. — Good smooth surface, 
giving very little dust. 
7. Super-calendered. — Gives practically 


no dust. 

ln machine work where a dusty paper is 
used, the type has to be wiped frequently, 
as a bad impression is made in printing if 
the dust collects. The “clogging” of the 
(ype by dust and ink is therefore kept 
down to very small limits, to avoid spoiling 
the work. Moreover, after type is finished 
with and while it is still in the frame, or 
chase, it is usually washed with strong 


Calistic potash solution, to remove the ink 
} cf ‘ vas a) . n 
iid paper fibre, before being broken up. 
ff e ry. . 
Moulding Rooms. — The chief character- 


o! these rooms is the high temperature 
‘he steam presses in use. The only 
Possible source of dust is the French chalk 
‘or dusting forms before and after 
‘ing. Most firms use very little 
“ chalk; in one case where a fair 


vided to assist in keeping the room clear of 
dust. 

Casting Shops. — The processes carried 
on in these shops are: 

1. Melting down of type (old and new). 
This is done in large pots, provided with 
hoods and ducts to carry off the fumes. 
The dross rises to the surface and is skim- 
med off. It is generally left until the next 
day to cool, when it is either placed in 
sacks or in a special closed metal bin, kept 
outside the workroom. It is disposed of to 
lead smelters (for recovery of the metal) 
and carted away weekly. Table 3 shows 
that dross contains no silica. 

2. Pouring of molten type into moulds. 
This process gives rise to no dust. 


3. Various trimming processes, @. @., 
“routing,” “shaving,” ete. None of these 


is a dusty operation. 

Linotype and Monotype Machine Rooms. 
— The machines give rise to little dust; 
the fumes given off by the melting pots are 
in most cases efficiently removed by ex- 
haust ventilation. 


CONSIDERATION OF RESULTS 


In Table 1 the results have been ar- 
ranged so that the amounts of dust in the 
air for the various processes are grouped 
together. 

Composing. — Table 1 seems to show 
that the following factors have a deter- 
mining influence on the size of the dust 
figure: 

1. Size of room, in relation to the num- 
ber of workers, 7. e., amount of cubic space 
for each worker. 

2. Amount of traffic in room. 

3. Amount of ventilation, 2. e,, rate of 
change of air in the room. 

Number 100 has 


the highest figure 


(24.4) for all composing rooms, the room 
being rather crowded, with much traffic. 
Number 107 is next, with a figure of 19.5; 
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ventilation was poor, and the presence 
jJaten machines raised the dust con- 

of the air. Number 115 (18.2) was a 
_yventilated room, but was somewhat 
vded, and much traffic was going on. 
\nbers 99 and 105 have the same figure 
-46): in one ease all windows were closed 
| there was no traffic, and in the other 
case there was good ventilation and much 
iraflic. The lowest figure of all is 7.3, ob- 
tained in two cases in which all the factors 
eontributed to a low dust content. The 
average figure for the eight samples is 14.1. 
Machine Work. — Here, besides the air 
space and ventilation, the kind of paper in 
ise is seen to influence the figure. Number 
108 is highest (31.7), the ventilation being 
indifferent and the paper dusty. Number 
112 was taken in the least satisfactory 
room encountered, but the paper used was 
of a smooth, calendered type, so that the 
Number 
114 was taken under what might be termed 


dust figure (18.3) is moderate. 
ideal conditions —a_ large, lofty, well- 
ventilated machine room, and a smooth 
calendered paper. The dust figure (1.0) is 
practically negligible. The average figure 
lor the seven samples is 13.1 

The dust figure 
in these rooms (24.4) is somewhat in excess 


Moulding and Casting. — 


of the average figure for machine and com- 
posing rooms. This is explained, in the 
case of the moulding room, by the quantity 
of French chalk in use, and, in the case of 
the casting room, by the relatively large 
amount of trafic at the time of sampling. 
Results of 
fable 1). — This examination was carried 
oul by Dr. H. H. C. Thomas, D.Sc., at the 
Geological Survey and Museum, Jermyn 
st treet. The results show that, in all print- 
‘lif processes, the quantity of silica in the 
lust of the air is extremely small — in 


Microscopical Examination 


“ff 
1 


¢ Cases so small as to escape detection. 
ippears, therefore, that the workers 
ithe very little, if any, silica. The dust 
‘ists for the most part of vegetable 


fibre and carbonaceous matter. In one case 
(No. 108), in which a rough “news” paper 
was being used, the vegetable fibre is de- 
scribed as having “good vegetable tissue 
with cell structure. The tissue and struc- 
ture indicate straw or grass particles.” 
Possibly some variety of straw or grass had 
been used in the manufacturing of the 
paper. In all cases the vegetable fibre 1s 
described as being “not such as would be 


TABLE 2.— RESULTS OF DETERMINATIONS OF 
DUST IN AIR AND IN ROOMS WHERE 
ATMOSPHERE WAS NOT DUSTY 


Milligrams 
of Dust in 
10 Cubie 
Metres of 


Point at Which Determinations Were Made 





Air 

Centre of garden, Edgbaston, after three fine 
ee Ee ee wT a 2.1 
Same point after four days of fine weather ... . 2.8 
Same point after thirty-six hours of heavy rain 0.7 
Centre of study, Edgbaston............... 7.7 

Open air outside laboratory, Stoke, centre of a 
manufacturing district................6... 9.4 
Centre of laboratory, Stoke.................| 18.5 
Side of laboratory, Stoke....................| 10.8 
Side of laboratory, Oxford...................| 19.6 


yielded by filter paper,” 7. e., by the ma- 
terial on which the samples were collected. 

Table 2 shows the results of determina- 
tions of dust in the open air and in rooms 
where the atmosphere was not dusty. 

The dust figure of the atmosphere ap- 
pears from these determinations to vary 
from 0.7, under ideal conditions (open air 
after heavy rain), to 18.5, this being the 
figure in a laboratory in a manufacturing 
town. Out of eight samples taken in com- 
posing rooms, in only two cases is this latter 
figure exceeded, and out of seven samples 
taken in machine rooms, in only one case, 
while the average figure for both these 
classes of work (14.1 and 13.1 respectively) 
is well below. Moreover, the figure 18.5 
represents the dust in the air of an empty 


room with no traffic of any sort. A com- 
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parison of Tables 1 and 2, therefore, shows 
that printers’ workrooms are by no means 
dusty. 

Table 3 shows the results of analyses 
made at the government laboratory of nine 
samples of dust taken from printing works. 
This table gives the analysis of the sources 


from which it has been alleged that silic: 


may get into the dust of the air. The high- 


est percentage of *free’ 


o <¢ 


* sihea found is 6.3 


the average being 3.35. Silica dust is com- 


metal and occasionally a little metaljic 
oxide. 

“Total silica” in dust from printing 
works, when compared with that of Loy- 
don “‘domestic”’ dust taken from the Lop 
of a wardrobe,* comes out much the lovey 
of the two. 


CONCLUSIONS 


1. Printing cannot be described as 4 
“dusty” trade. The average quantity of 


TABLE 3.— RESULTS OF ANALYSES OF DUST SAMPLES FROM PRINTING WORKS 


Organic 


“< Free 7.) 





— No Where Taken — Lead + aed | a a eras Total lack d 
Moisture Metals | Substances in Total 
Silica 
1 l Type cases, composing room... .. 66.00 2.80 3.20 | 8.95 19.05 100.0 1.33 
4 l Inside Clements’ dust extractor... 59.00 8.92 4.08 | 9.96 18.04 100.0 6.3] 
3 2 Inside Clements’ dust extractor. . 40.00 23.75 6.25 | 8.63 21.37 100.0 1.32 
4 2 Machine room.................| 71.00 5 ate, traces 11.45 17.55 100.0 2.50 
5 2 Inside fan in moulding room..... 47.00 0.51 0.49 13.23 38.77 100.0 3.16 
6 5 Type cases, composing room. .... 68.00 4.68 1.32 8.48 17.52 100.0 3.2] 
7 9 Inside dust extractor........... 56.00 4.39 161 | 13.72 24.28 190.0 4.24 
$8 4 Machine room. . 74.00 traces traces | 12.00 14.00 100.0 1.78 


paratively heavy, so that the percentage 
of silica actually breathed by the worker is 
probably much lower than this. The re- 
mainder of the silica in the samples, in- 
cluded from the heading of ‘total silica,” 
is present in the combined form, as silicates, 
in which form it is considered to be in- 
nocuous (2). 

The following is an analysis of a sample 
of “dross”: antimony, 16.49; lead, 68.23; 
tin, 12.50; copper, 0.12; iron, 0.09; zine, 
0.26; arsenic, 0.09; oxygen, 2.22; total, 
100.00. It shows that dross, which is one of 
the alleged sources of silica, is entirely of 
metallic constitution. When type is melted 
down, the oil and other organic matter rise 
to the surface and are vaporised, the 
vapours passing into the hood above the 
casting pot. A certain amount of the metal 
separates from the alloy in a granular con- 
dition and is skimmed off. These skim- 


mings are the dross and consist entirely of 


dust in the air is no higher, and in some 
cases considerably less, than that in the air 
of many occupied rooms. 

2. The dust in the air contains very 
little silica —in some cases a_ negligible 
quantity. 

3. The dust in compositors’ cases, I 
machine rooms, and in other dust-produc- 
ing sources contains less silica than dust 
collected from a living room. 

4. On the grounds of the presence of 
lead alone in the dust of the type cases, it Is 
desirable that some apparatus, such as the 
Clements’ Case Dust Extractor, should be 
used, particularly in large works, for re- 
moving the dust from the trays and cas 
Such apparatus should be so constructed 

* The analysis of this is given by Sir J. Crich 
Browne in the Times of Nov. 3, 1920, as follows: mots’ 


4.4; organic matter, 52.6; silica and insoluble silicates, * 
iron oxide and alumina, 9.7; lime (CaO), 6.2; carbonic 


; 


with traces of sulphuric and phosphoric acids, 6.1; 
100.0. 
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at the dust does not escape into the air me at the South Western Polytechnic In- 

juring the process of removal. stitute, Chelsea, and the thanks of the 

(he laboratory work in connection with Department are due to the authorities for 
‘ie dust determinations was carried out by — the facilities given. 
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INFLUENCE OF INDUSTRIAL NOISES * 


D. J. GLIBERT, M.D. 


Chief Medical Inspector of Factories, Brussels 


HIS memoir —a résumé of all that 

was known in 1914 in regard to the in- 
fluence of industrial noises—was originally 
written at the request of the Third Inter- 
national Congress on Occupational Diseases 
due to be held at Vienna in the later half of 
August, 1914, and was intended to open 
the debate on the subject. As the author 
lived in the occupied part of Belgium dur- 
ing the war, he had no access to new 
work, but nothing new appears to have 
been discovered, except that we have 
since learned of the idea that deafness fol- 
lowing an explosion is usually temporary 
except when the auditory nerve is affected. 
It seems wise, however, to re-introduce so 
important a subject in order to stimulate 
research on the part of ear specialists. The 
influence of noise, which is at times deafen- 
ing, has been little studied in spite of the 
fact that it is present in nearly all indus- 
tries. The author, although not an ear 
specialist, feels justified in writing this 
résumé because it states the present po- 
sition; because there is confusion among 
ear specialists; and because of his twenty 
vears’ experience in factory work which 
has enabled him to bring out the etiological 
factor in questions on which industrial 
doctors require a solution from ear spe- 
clalists. 


DEAFNESS AS AN OCCUPATIONAL 
DISEASE OR ACCIDENT 


Deafness as an occupational disease 
should be studied separately from deafness 
caused by traumatic lesions due to explo- 
sions, gun fire, blasting, etc., which cause 


* Translated from Bulletin du Service Médical du Tra- 
rail, Jan., 1920, No. 1, by Dr. S. A. Henry, H. M. Medical 
Inspector of Factories, Manchester, England. Received 
for publication May 2, 1921. 


immediate lesions, although the difference 
is perhaps somewhat subtle. Save in spe- 
clal cases where initial lesions are clearly 
recognized as immediate, 1t is only after 
repeated injuries that ear affections }e- 
come obvious, and therefore it is nearly 
always convenient to classify the deafness 
of gunners and firers of mines among occu- 
pational diseases rather than among acci- 
dents. Consequently, for practical purposes 
we may include the affections caused by 
injurious action of the air during’ firing 
among ear injuries caused by noise proper. 


OQuTLINE OF PREviIous INVESTIGATIONS 


Classic writers on occupational diseases 
are generally reticent on the subject of disor- 
ders caused by noise in industry. Layet (1) 
points out that the deafness of copper- 
smiths was known of old and that sheet 
iron workers, coppersmiths, blacksmithis, 
and coopers are nearly always hard of hear- 
ing and become more so the longer they re- 
main at their trade — a perversion of hear- 
ing shown by increased perception of high 
notes or loss of perception of low notes. 
Layet observed an old foreman who ap- 
peared to hear only in the midst of the 
greatest noise, while at other times he com- 
plained of continual buzzing in his ears, so 
that he was an example not only of the 
phenomenon of Willis but of other ear 
trouble. This phenomenon of Willis (hear- 
ing better when a certain sound is preset! 
than under ordinary conditions) is freque!’ 
in noisy industries, where another pheno! 
enon is also observed which must no! 
confounded with that of Willis — name’ 
the power of certain workers to conve! 
together in a nearly normal voice when 
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nger is at the time deafened and inca- 

je of making himself heard without 
ing his voice. In factories for removal 
-oarse hair from furs by machinery or 
vorks where hatters furriers’ processes 
carried on amid intense noise, I have 
often observed the workers laughing and 
king together when I could not hear the 
ound of their voices. Is there a special 
adaptation of the worker's voice or a par- 
Hicular accommodation of the organism of 
or both? 


phenomenon is not necessarily accompanied 


the ear, Be it as it may, this 
hy a diminution of hearing in a quiet at- 
mosphere. 
According to Roosa, workers in a noisy 
atmosphere get a true nerve lesion; they 
hear less well and do not recover their acu- 
ity of hearing except by staying off work 
for some time, and eventually the auditory 
trouble becomes permanent. According to 
Dr. Moure of Bordeaux, the more the noise 
produced in a small, closed and resounding 
pace, the more rapid is the damage to the 
auditory nerve; that is why he considers 
the most exposed young persons who 
inployed in coppersmiths’ workshops 
lo assist riveters in the interior of boilers 
| 


i¢ 


holding rivets in place during hammer- 

it is necessary to class with this 

) vVoung persons who enter the boilers 

ior the purpose of removing the deposit 
ata m4 

oiler cleaners). .My personal experience 

rms the fact that 


leave this noisy atmosphere abso- 


these workers alt 


F 1 . ’ . 2 . 
v dazed, deaf, and in a state of vertigo 


ch lasts for several minutes. These 


mav be compared with those ob- 
ed in ironclads after a sea battle and 
is connection De Merrys reports that 
‘ie Cesarewitsch, twenty-four hours 
ihe engagement, many men com- 
ued of headache, loss of memory, and 
Mess. 
‘ther influences, however, than that of 
sounding medium can be cited to ex- 
| auditory lesions of workers in an en- 
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Della Vedova of Milan, at 
the Seventh Italian Congress of Laryn- 


closed space. 


gology and Rhinology, insisted on good 
ventilation in enclosed spaces and pointed 
out among the causes harmful to hearing, 
dust, irritating gases, high temperature, 
dampness, and variations of atmospheric 
pressure, and cited as a proof of the injuri- 
ous influence of a confined space the fact 
that among soldiers inflammatory condi- 
tions of the ear are less frequent during 
manoeuvres than during life in barracks. 

As far back as 1877, the replacement on 
‘always of shrill toned whistles by those of 
a deeper note or by other signals, such as 
Hedinger, in 1882, 
tested the hearing of 1,100 railway em- 


bells, was suggested. 


ployees and found only 48 per cent. of hard- 
ness of hearing among engine drivers and 
stokers as against 95 per cent. among the 
other employees. He eoncludes that in- 
temperate habits are much more the cause 
of catarrhal affections of the ear than 1s 
the engine whistle. Guterbock states that 
hardness of hearing among engine drivers 
increases in proportion to the length of 
service, as the following table shows: 

Years of Service Percentage of Defective ITearers 


Less than 5.... 


- 


» 5 ete & eee es & Sones I. 
“) 
J 


De eg ult Meau aca we | 7 
ees Dee i Be a a - 
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ee I ge i Eda a at , 0%.) 

Dr. G. Boval likewise states that the 


deafness of engine drivers and stokers in- 
creases with age and years of service from 
11.7 to 62 per cent. according to age, and 
from 18 to 75 per cent. according to vears 
of service. Barr makes similar observa- 
tions on 100 persons; after seventeen and 
one-half years’ service none heard a watch 
normally, fifty could not hear the low voice, 
thirty-three perceived it with both ears, 
and eight with only one ear. 

It is surprising that observations in tex- 
tile industries are rare. Répke (2) refers to 


the examination of twenty spinstresses, 
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fourteen of whom were hard of hearing, 
and of fourteen weavers, none of whom 
heard normally. Dr. E. Coosemans, at the 
Sixth International Congress of Otology 
held in London in 1899, read a paper on 
hearing among “‘beetlers,” who, after ten 
or twelve hours of daily labor, exhibit more 
or less marked deafness, which diminishes 
after a few hours, and which becomes nor- 
mal after a Sunday’s rest. 

Another injurious occupation is that of 
telephone workers. Capart (3), reporting 
upon the telephone industry, stated that: 
(1) Occupational use of the telephone is a 
cause of fatigue to the ear, which may be ag- 
gravated too far by certain circumstances, 
such as production of induction currents, 
sudden opening and shutting of the circuit, 
ete.: and (2) fatigue and overwork of tele- 
phonists are at times the cause of various 
neuroses, neurasthenia, hysteria, ete. How- 
ever, others, as Dr. N.R. Blegvad (4) are less 
pessimistic and do not think that telephone 
work hastens, or makes active, pre-existing 
ear affections. Generally the power of per- 
ception of high sounds ts little altered. Of 
$o4 telephone employees examined with 
regard to the lowest sound perceptible to 
the normal ear (sixteen vibrations),seventy- 
five could not perceive 1t on one or both 
sides. Blegvad admits that among certain 
individuals employment can cause earache, 
huzzing, vertigo, or Méniére’s svndrome. 
Recently Dr. Trétrop of Antwerp (5) re- 
ported two ear accidents, one to a telephone 
girl, and the other to a merchant speaking 
on the telephone, which he attributed to 
the too sudden breaking of a current of 
which the vollage had lately been increased 
to 20 volts. 

Attention was first drawn to the action 
of reports and explosions on the ear when 
the use of gunpowder was introduced. Am- 
broise Paré taught us that heavy artillery 
could cause ear lesions and cerebral con- 


cussion. Lavet (6) mentions the investi- 


gations of Perey who pointed out hem- 


orrhages following a ruptured tympanui). 
with persistent severe headache, more o» 
less pronounced disturbances of heariny. 
and refractory otitis following on the 
non-cicatrization of the rupture. He also 
recalls Barthelemy’s remarks on a momen- 
tary hardness of hearing with hissings. 
buzzings, and “‘still noises,” (proof. of 
nerve trouble) met with among gunners 
after firing. ‘These observations, however. 
were made before war was brought to 
a fine art, and require re-investigation to 
prove whether or not they are true. 
Delsaux has analyzed all the work on 
the noise of explosions and firing, and re- 
calls the work of R. Miiller who examined 
fiftv-one gunners, noting the extent of their 
hearing before firing and three days after. 
Six were excluded because their ears were 
plugged with wax: of the remainder ex- 
amined before firing, thirty-four were nor- 
mal and all the others had symptoms of 
actual disease or signs of old cicatrices. 
After firing, fifty-two ears remained in 
statu quo and all the others showed tym- 
panic congestion. ‘There were seven cases 
of hemorrhage of the tympanum but none 
of rupture of the membrane. The duration 
of perception of the tuning fork by bone 
conduction was shortened. On the subjec! 
of air conduction, the author is reticen! 
and calls for further investigation. It 1s 
the experience of Cheatle, in England, tha! 
naval officers are more affected than t! 
men and that the very high tone of guns 
of small calibre and of machine guns 
more injurious than that of big guns. 
addition, autopsies as well as experim 
on animals corroborate the fact that o 
pational noises are capable of serious!) 


juring the organs of hearing. 


ELEMENTARY KNOWLEDGE 


In reading works on the subject 0! 
influence of industrial noises, one 1s ‘ 
stantly meeting vague expressions, SUC! 
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{Hed sounds,” “‘lght sound,” “great 
> ete., which it is necessary to define 
uniformly. 
is generally admitted that all sounds 
noises Which the ear receives can be 
ved te musical sounds. Noise proper 
‘. composed of a rapid and irregular suc- 
aosion of different auditory sensations. 
Sound. on the contrary, is uniform, calm, 
without variations in its component 
parts. It possesses three principal quali- 
ties which are peculiar to it: intensity, re- 
sulting from amplitude ef vibration and 
diminishing by distance in proportion to 
ihe square of the distance, from the fact 
of the diminution of the amplitude of vi- 
brations transmitted; height, which in- 
creases with the number of vibrations; and 
tone, which depends on the harmonics, 
“superior or inferior,” of the fundamental 
sound. Certain authorities add to inten- 
sity, height, and tone the idea of duration. 
To these intrinsic qualities of sound must 
be added an extrinsic quality described 
thus by Helmholtz: “‘In the 
sounds of equal strength the sensibility of 
the ear changes with the height of the 
sound.” 


main, in 


Zwaardemaker (7) formulates 
‘he following conclusions as to this variable 

sensibility of the ear for different sounds: 
The maximum sensibility of the, human ear 
onds to 3,072 double vibrations (g4 of the Ger- 

in notation, sol 6 of the French notation). 

"he zone of very distinct sensibility extends 
296 double vibrations to 6,144 double vibra- 


Outside this zone to the limits of the seale, 


diminishes considerably. 


re are three principal theories of the 
which sound is perceived: 
‘lelmholtz’s Theory. - 


ibrates in concert. 


The organ of 
The elements 
internal ear are attuned to different 
of sound; low sounds are perceived 
part furthest from the base of the 
i, While sharp sounds are perceived 
i this base. 
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2. Hydrodynamic Theory of Bonnier (8). 
— The liquid of the cochlea moves in bulk 
Bonnier 
compares the organs of the ear not to res- 


and rubs the sensory epithelium. 


onators, but to registers. 
The 


perception of sounds is due to differences 


3. Pressure Theory of Marage. 


in the pressure of the endolymph, with no 
definite auditory localization. 

Musical sounds proper are met at times 
in industry, as in hammering deep-toned 
metals, but these more or less pure sounds 
are rarely isolated. More usually noise 
proper is heard, but that also has its in- 
tensity, height, and tone. It is compara- 
tively easy to determine experimentally 
the relative intensity of an industrial noise 
when it is regular and more or less continu- 
ous and can be compared to another noise, 
a short distance away, of constant intensity 
and sufficient to rise above it. The meas- 
ure of the displacement required would 
give the relative intensity. Exact estima- 
mation of the height of noises is much more 
difficult, and we must, for the most part, 
rely on a few observers for this information. 
Although a well-trained ear learns by prac- 
tice to grade the tone of noises by compari- 
son with a known height of tone, it would 
be more satisfactory if the ear specialist 
would furnish a precise method of deter- 
mining as nearly as possible the notation 
of different 


hand, can be 


noises. ‘Tone, on the other 
sufficient 
It char- 


enables 


deseribed with 
precision for practical purposes. 
noise; it 


acterizes the source of 


one to distinguish various machines In 
action, without seeing them; and, in com- 


bination with height, 1t gives to certain 


noises that disagreeable character which 
Is peculiar to them ~—e.g., the rasping 


noise in the finishing off of white stones, or 
When it has 


this unpleasant character, tone is important 


the grating of saws or files. 


In Observations, as it inevitably has an il 


effect on persons of nervous temperament. 


It is also necessary to pay attention to the 
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rhythm, and the continuity, regularity, or 
irregularity of a noise essentially uniform 
are also factors to be dealt with. The un- 
expectedness of certain short, loud noises 
bursting forth at rather long intervals has 
a disagreeable effect on the nervous system. 
Finally, it is necessary to have comparative 
information on the subject of intensity of 
vibration communicated to the ground and 
to the body of a worker by the vibrating of 
noisy machines. ‘This information is not 
difficult to obtain. 


Notsy TRADES 


It would be wrong to imagine that all the 
employees in a brass foundry, in large iron 
works, or in shipbuilding yards are equally 
exposed to noise in their work. We must 
have a reasonable classification which will 
serve to show that it is necessary in each 
group to take into account accessory cir- 
cumstances. ‘Take, as an example, flax 
spinning which must be carefully dis- 
tinguished from weaving of linen, just as 
it must not be confounded with “steeping” 
and “stripping” or “‘sculching,’’ — the 
operations which precede it. 

[na linen factory one meets all the seale 
of noises: there are quiet processes, as 
winding, or reeling, and heckling; less 
quiet processes, as drying and packing: 
noisy ones, as combing by machinery, 
carding: and, finally, very noisy ones, as 
In the preparing rooms and spinning rooms 
where the noise is so great that orders have 
to be given by means of a shrill whistle. 
lence, one sees the inaccuracy of medical 
observation which is limited to deseribing 
the examinees as workers in the linen in- 
dustry. Carding, preparation, etc., irritate 
the nasopharynx by dust, and spinning 
gives rise to similar trouble because of the 
humidity and heat which may = cause 
“chills.” Combing by machinery exposes 
the young worker to dust and muscular 
strain. 





In many factories the noise is grey 


in 
certain places and not in others, as in met) 
stamping, especially in making metal boxes. 
Very often in these works there are Guiet 
corners, also the noise of one stamping 


machine varies from another, and curiously 
enough it is not always the stamper who ’ 
most exposed to the noise of his own ma- 
chine. Certain other occupations are quite 
unknown to aurists. How many of them 
suspect that in the preparation of little 
rubber objects such as nipples for feeding 
bottles and toy balloons, there exists aj 
times noise comparable to that of the 
loudest hammering. These examples are 
sufficient to prove the necessity for medical 
inspectors of factories to draw up a list of 
noisy industries which would serve as far 
as possible as a basis of comparison, and to 
point out all the other peculiarities which 
may influence health. The ear specialist 
ought to be in possession of all the facts 
before he pronounces on the etiology of a 
lesion, and he should take into account all 
the causes other than noise which could 
explain in part or in whole the malady 
observed. 

In addition to information in regard to 
noise, the aurist should know in detail the 


peculiar health conditions of certain trades. 


Lesions of the middle ear or nasopharynx 
are in themselves a menace to the in 

ritv of hearing. Noise being equal, traces 
which specially expose a worker to [hese 
lesions are more harmful to hearing |)! 


others; hence, the necessity of payilg 
attention to different accessory risks. 
as mercury, carbon bisulphide, and cspe- 
cially lead, which is a poison to the in! | 
ear. Irritant vapors, or acid fumes. «14 
toxic gases, such as carbon monoxi | 
the form of slow chronic poisoning ® K 
hearing as well as memory. In the | 
way, it is necessary to note the influe : 
heat, humidity, and dusts. Moreov' 

influence of fatigue, muscular and in! 


tual. must be remembered.  Fatig 











lessens auditory acuity even when 
-cessive. For example, examination 
| | venty-four bicyclists who had ridden 
s) Jometers showed that air perception 
..« diminished, especially for sharp sounds 
)» After a few heurs’ rest hearing had 
already improved. Finally, it must be re- 
»yembered that ear lesions are often accom- 
nanied by loss of sense of space (vertigo, 
\[éniere’s syndrome), and in this connec- 
ion | wish to note the occupational risk 
on ladders, seaffolding, and work in par- 


its 


ho 


ticularly dangerous places. 


NATURE OF LESIONS 


According to Layet, most authors think 
that noise is a determining factor in caus- 
ing a true lesion of the auditory nerve. At 
the autopsy of an old coppersmith afflicted 
during life with occupational deafness, Hab- 
ermann foune degeneration of the organ 
of Corti and other nerve elements at the 
base of the cochlea. Similar lesions were 
lound by the same author at the autopsies 
of several other subjects afflicted with deaf- 
ness which was considered to be due to 
occupation. Mure, of Bordeaux, is of the 
opinion that, when the occupational dis- 
ease 1s established and, in spite of rest, 
hearing does not return, it is a question of 
deep-seated trouble —a labyrinthine af- 
lection, of which the diagnosis is certain 
ud proved by acoustic tests, before the 
absence of lesions of other parts, such as 
ivmpanum, tubes, and ossicles, is objec- 
lively proved. 

Wittmaack has made considerable prog- 
ress In the question of lesions caused by 
hoise. He has demonstrated that animals, 
subjected under certain conditions to the 
ion of a noise of varied duration, with 
‘hout rest, show profound lesions. On 
scopic examination the middle ear 
“Ppcared intact, as did also the vestibule, 
obvious changes were seen in the in- 
ear in the region of the cochlea. 
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Wittmaack’s work has been controlled by 
Professor Siebenmann and his pupil, Dr. 
Yoshi, with varied intensities of sound. 
These authors constantly found visible and 
characteristic anatomic lesions of the organ 
of hearing. ‘These lesions, varying with the 
sound used, took effect on the organ of 
Corti, and the nerve fibers and cell ganglia. 
It is useful also to recall that, with a pure 
sound, always the same, Wittmaack found 
a lesion of the cochlea peculiar to itself in 
“ach case. 

H. Marx, of Heidelberg, experimenting 
on guinea-pigs under conditions similar to 
his predecessors, obtained similar results, 
at least in the main points. The degenera- 
tion of the organ of Corti, however, was 
found to be situated a little further from 
the base of the cochlea than that found by 
Wittmaack. 


action of deep sounds produced by organ 


Von Eicken, studying the 


pipes, states that, when the middle ear is 
normal, certain deep sounds cause altera- 
tions of the cochlea at the level of the 
second turn of the spiral. Other deep 
sounds, on the other hand, appear harmless. 
Delsaux summarizes the conclusions to be 
drawn from the patient, and extremely 
careful, researches of Haenli. Violent ex- 
citation of hearing, or reports, attack at 
first the terminal organ which they destroy 
in a certain way and it is only later that 
the neurones atrophy. Later still, there 
appear alterations in the membrane of 
Reissner. 

A good synopsis of the results of Witt- 
maack’s, Siebenmann’s and Yoshi's ex- 
periments is found in the very instructive 
work of E. J. Moure and P. Cauzard on 
functional examination of the labyrinth 
(10). The authors of this work are in- 
clined to consider the experimental results 
as proved definitely, and allow the follow- 
ing assertions of Wittmaack: (1) the in- 
tegrity of the vestibule in lesions due to 
noise; (2) the destruction or alteration of 
the same section of the cochlea by sounds 





| 
e 


a et oe ae 
% ey 


a 
j 





ee ene a ee 


—_ ES EE ES EE re _ 











eer ey ee cee a re were ee ws re 











w 
' 


I ~~ 








270 THE JOURNAL OF INDUSTRIAL HYGIENE 


of the same instrument (whistle). In a 
personal communication to these authors, 
Siebenmann expresses himself thus: “It 
follows (from the experiments of Witt- 
maack and his school) that a pure sound 
only affects a single point of the cochlea and 
that the lower the sound is, the higher the 
point is found in the cochlear region.” 

From the analysis of twenty principal 
clinical works on the results of reports and 
explosions, Delsaux concludes that the dis- 
orders of hearing or the lesions of the ear 
arising from these causes may be classified 
as: (1) lesions of the tympanum; (2) le- 
sions of the drum; (3) disturbance of the 
labyrinth; (4) progressive deafness; and (5) 
diverse nervous disorders. He states that 
all experiments tend to show that, apart 
from ruptures of the tympanum and lesions 
of the drum, and, in rare cases, lesions of 
the ossicles, injury to the ear by detona- 
tions gives rise in the internal ear to tem- 
porary or progressive or definitive lesions, 
situated mostly in the tympanic slope of 
the cochlea and rarely and temporarily in 
the vestibular slope or in the static appara- 
tus of the internal ear. Finally, it is well 
to keep in mind the views suggested to 
Layet by Dr. Moure, namely, that when 
the organs are intact the principal indus- 
trial noises act on the labyrinth, while re- 
ports and explosions may also act directly 
on the organs of the middle ear. 


‘TRANSMISSION OF NOISE By AIR AND 
BY SOLID SUBSTANCES 


Must one blame noise transmitted at the 
same time by air and by solid bodies? 
Must one, on the other hand, consider air 
vibration alone as practically harmless and 
blame chiefly vibrations and tremors which 
are communicated to the bony skeleton? 
This is a necessary point in prophylaxis. 
It is a problem, the solution of which, if it 
can be obtained, will revolutionize the 
methods of protecting the worker and the 


legal measures formulated by differey: 
governments. 

The accidental results of great explosion, 
or a sudden change of pressure among 
workers in an atmosphere of compressed 
air must be excluded. These are cases of 
‘superior force,” the effects of which cap. 
not be used as a proof for or against {he 
theory as to the cause of it. Would it yo) 
be wise also to exclude the results of ye- 
ports and explosions knowingly caused? 
Truly, the deafness of gunners is an occy- 
pational one, but the conditions producing 
it are not met with in industry, except 
quite exceptionally among those employed 
in shooting galleries or attached to depots 
for testing firearms. In firing a mine, it 
is obviously wise that workers who start 
the fuse should be as far away as possible, 
and consequently lesions of the ear among 
them ought to be much more often in the 
category of occupational accidents than of 
occupational diseases. In addition, the 
violent disturbances which occur from the 
deflagration of explosives singularly com- 
plicate the principle of the problem. Hence, 
it would perhaps be wise to limit the sub- 
ject to industrial noises, properly so called, 
which are far more frequent. In return, it 
would be useful to compare the influence 
of vibrations where the noise is dominant, 
with the action of vibrations when shaking 
is the principal cause of trouble. 

There are a great number of workers on 
trains, trams, and vehicles of all kinds. 
whose whole bodies are for many hours ex- 
posed to an energetic vibratory shaking, 
without which, however, the noise to which 
these workers are exposed would stil! be 
considered as excessive. Whatever the 
value of these previous remarks may )¢; 
let us examine the main sources of 11/0r 
mation at our disposal. | 

Castex, in 1897, speaking of enzile 
drivers and stokers, pointed out the !'! 
ful influence of vibration: “‘shaking 
on the labyrinth and causes scleros 
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‘n the occupation of hammering.” 
7]. is the conclusion, aptly expressed, to 
, Wittmaack came in his remarkable 


Wi! 

ayperimments, begun in 1903, on both ears 
of ninety guinea-pigs. Six guinea-pigs 
were subjected night and day, without in- 
‘erruption, to the noise of an electric bell, 
freely suspended above their cage. The 
aninuus were killed in succession after 5, 


1). 20, 30, 40 and 60 days, and no lesion 
was found in any part of the auditory 
apparatus. This negative result gave rise 
to the idea that ear affection caused by 
noise must be due to something more than 
the simple transmission by air. He there- 
fore modified his experiments in such a 
way that the vibrations of the electric bell 
were communicated to a tin plate on the 
floor of the cage. Very different results 
were then obtained; rapid emaciation of 
the animals was observed and two died 
after 14 days. Controlled experiments led 
to the same results and although, as be- 
fore, the middle ear of animals killed after 
various intervals appeared intact, the 
nerve terminals in the cochlea, especially 
the organ of Corti, were degenerated. 
Analogous experiments, in which sufficient 
rest was allowed to resemble the normal 
conditions of human industry as far as 
possible, furnished similar results. Witt- 
maack tried also the influence ‘of other 
hoises, especially that of a whistle, as well 
as alr disturbance caused by firearms. 
As a conclusion to his researches, he ad- 
mits the preponderating influence of vi- 
brations of solid substances on lesions of 
the car, due to sounds, and he calls atten- 
Hon 'o the fact that among workers most 
irequently afflicted with occupational deaf- 
less one finds nearly always the possible 
‘ruismission of vibrations by the bony 
on, especially among blacksmiths, 
ose work they are transmitted by the 
| In noisy factories the constant vibra- 
Non of the ground is frequently observed. 
ording to Peyser, Wittmaack’s first 


sk f 


IN \ 
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statement is of minor importance; the 
second on the other hand is of capital in- 
terest. The elasticity of the soft parts and 
articulations of the wrist and of the arm 
appeared to him to be a good non-con- 
ductor while the heavy body of the worker 
resting on vibrating ground, and especially 
the bony frame, from feet to head, would be 
favorable conductors for the transmission 
of vibration. An intermediate condition 
would be that of boiler riveters, who sup- 
port their mechanical hammers by prop- 
ping their elbows against their chests.’ In 
corroboration, Peyser cites the authority 
of Friederick of Kiel, who thinks that the 
deafness of naval officers is at least par- 
tially attributable to vibrations of the ship 
during firing. Finally, with the object of 
studying the influence of conduction al- 
most exclusively by air, Peyser examined 
the builders of hulks made of curved 
iron sheets which have to be riveted. 
During construction the hulk is placed on 
the ground, with the keel in the air, and 
supported on wooden blocks which rest on 
a mass of concrete 30 centimeters thick. 
The worker crawls under this metallic arch 
and proceeds to rivet by means of per- 
cussion hammers worked by compressed 
air. Of twelve workers engaged for two 
years at this work, none had become hard 
of hearing at the time the examination was 
made. Peyser concludes that this con- 
firms the theory of Wittmaack on the in- 
fluence of vibrations. Neither the number 
of observations, however, nor the length 
of time of service allow final conclusions 
to be drawn. Peyser concludes with the 
following statements: 

1. Continual, but moderate noise, exclusively 
transmitted by air, has little or no action on the 
organ of hearing. 

2. Short, but intense and shrill sounds, especially 
when repeated, injure the organ of hearing in a 
temporary or a permanent way. 

3. Simultaneous conduction of noise by air and 
by the bony skeleton, and above all by the vibration 


of the ground, affects hearing finally and seriously. 
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Everyone does not admit the opinions 
of Wittmaack and Peyser. Reinking of 
Hamburg, at the last German Congress of 
Otology, made a communication tending 
to show the importance of the harm of air 
conduction. Delsaux could not agree en- 
tirely with Reinking concerning the minor 
importance of bone conduction and rightly 
put forward a statement, easy to prove, 
that it was not sufficient in normal con- 
ditions to stop up the nose, mouth and 
ears In order not to perceive any longer at 
a meter’s distance words uttered in a high 
voice. One must admit in this case that 
sound is transmitted by way of a solid 
substance. On the other hand, Delsaux 
observed that the statements of Coose- 
mans on “beetlers’’ in a linen factory con- 
tradict the conclusions of Wittmaack and 
Pevser. In fact, Coosemans has not found 
really serious lesions among workers whom 
he has examined and who were subjected 
at the same time to a muffled sound and 
to continual vibrations of the ground. He 
concludes that: (1) Every noisy trade is 
not necessarily harmful to hearing. (2) In 
order that it may be harmful, it is neces- 
sary (a) that the worker should be predis- 
posed to affections of the ear, by the pres- 
ence of lesions in the nose or pharynx: 
(b) that the noise should be intermittent; 
and (¢) that it should be of a relatively 
high tone. 

Krom the foregoing, 1t must be con- 
cluded that a certain amount of doubt 
still exists as to the extent of harmful- 
ness of transmission of sound by air. Let 
us hope that future research may procure 
definite results on this point so important 
to industrial hygiene. 


PROPHYLAXIS 


Choice of Worker. — Only young people 
fitted to undergo the normal consequences 
without damage should be allowed to work 
in noisy industries. Young persons with 


ear affections or predisposed to them by 


lesions in the neighborhood of {| 


Car 
should be prohibited. This conser. tive 


method must, however, be used \yij}, 
great prudence. Statistics show that {he 
number of persons with deficient heapiyo 
is considerable. According to Ely. 85 
per cent. of conscripts were refused {op 


this reason —a percentage which repre. 
sents only the worst cases. Weill reports 
30 per cent. of 5,905 children, whom he 
examined, as hard of hearing; Moure re- 
ports 17 per cent. out of 3,588; Bezold 
reports 20.75 per cent. out of 3,836, with 
ar trouble; Lausi shows 10.8 per cent, of 
deaf scholars; Sexton 13 per cent.; Gelle 
and Von Riechardt 22 per cent.; Ostman 
36 per cent.; Nager 40.3 per cent.; Réipke 
23.6 per cent.; Cronenberg 44.1 per cent.: 
Hansberg 50 per cent.; Felix 31 per cent.: 
Courtade 37.5 per cent.; Malherbe and 
Stackler 35 per cent. If these large num- 
bers of deaf or partially deaf children were 
excluded from noisy industries, factories 
would soon be empty, for other groups of 
sick or puny children would also have to 
be excluded, one for deficiency of vision, 
another for poor development, and another 
for some physical disability. Also the law 
of work is universal and the weak and in- 
firm must work for their living; but as a 
defect such as an ear lesion may be an indi- 
cation of a more general disease, those who 
are excluded from noisy industries because 
they are partially deaf may find that they 
are refused entrance to any work at all. 
Great discretion must therefore be used, 
and only those most liable to harm should 
be prevented from entering the mos! in- 
jurious industries. This tolerance, !!0W- 


ever, requires a safeguard in the form 0! 


periodic medical supervision of youllg 
persons. In the same way it will be neces 
sary to have a methodical periodic es)!!! 
nation of the ears of adults work 
noisy industries. At first one ' Id 
imagine that an essentially defect! 


would be an indication that the s'! 


("i 
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J) not work in a noisy atmosphere. 
B Kicken and de Hoessli are correct 
+) veir assertions that the chains of 
oes es conduct sound and do not damp 
,». ». Zimmerman thinks, in certain cir- 
aypstances a state of relative deafness, 


while not advantageous, would at least be 
armless in certain industries where there 
‘+; 1 loud or rackety noise. 

\\hen choosing workers for a noisy in- 
dustey (and in doubtful cases this should 
be done by an ear specialist), the doctor 
must keep in mind the other peculiarities 
of the industry. For instance, a deaf man 
is more exposed to accidents in the vicinity 
of belts, gearing, ete., because very often 
when a machine is going wrong an unusual 
sound is emitted which acts as'a warning. 
In the same way workers with alterations 
in the auditory apparatus associated with 
vertigo and loss of sense of space should 
not be exposed to falls from heights, such as 
from scaffolding, timber works, or bridges. 
In the medical examination a fixed unit of 
measurement should be employed through- 
out the country, so that absurd and unfair 
better still, 
there should be international uniformity to 
enable us to meet hostile criticism on pro- 


situations may be avoided; 


plivlactic measures. At present, tests of 
hearing lack uniformity and even precision; 
the whispered voice, the murmured voice, 
‘he voice of conversation and the tick of a 
watch are very variable quantities. Still, if 
judiciously employed, these simple methods 


seep 7 


'o sufce in ordinary examinations. 
\ definite eriterion is, however, needed for 
| ining whether or not a more com- 
| ‘amination by an ear specialist is 
lcans of securing uniformity in ear 
‘ions, the following methods of 
ng hearing in terms of the distance 

a watch is ‘heard by the normal 
) been proposed: 

M be the distance at which a watch is 
normal ear; 
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Let d be the distance at which a watch is heard by 
the examinee; 


Let A be the auditory acuity of the examinee; 

d 
~ M’ 

Therefore, if M is 1 meter and d is 10 centimeters, 
A =0.10 meter. 


Therefore A 


2. Let D be the maximum distance at which the 
normal ear hears the instrument of measurement: 


Let d be the maximum distance for the ear ex- 
amined; 


Let A be the auditory acuity of the examinee: 
d - ~% ; ; > 
Therefore A = (;) since the intensity of sound 


is in Inverse proportion to the square of the distances. 


Kar specialists must aid us in drawing 
up examinations which will be uniform as 
to tests, signs and terms, and must deter- 
mine for us the best methods to use, and 
at precisely what stage hearing is suffi- 
ciently diminished (a) to warrant refusing : 
young person work after a complete ear 
examination; and (b) to require an exami- 
nation by an ear specialist of workers 
(young persons or adults) employed in 
noisy industries. It will be the particular 
field of ear specialists to do research on 
“the sense of space” and “the organ of 
equilibrium,” and on such diseases as 
nystagmus, while the factory doctor can 
limit himself to finding the degree of vertigo 
or incoordination by the ordinary clinical 
means, and can pass on to the specialists 
the most interesting patients. 

- The 


means of self-protection tend to muffle 


Individual Means of Protection. 


sound, and plugs of cotton wool and cover- 
ing pads, and especially helmets and similar 
apparatus, are makeshilts disliked by the 
workmen on account of their weight and 
pressure, and because they are contrary to 
their habits. Such objects are often a hin- 
drance to hearing orders and are also a 
cause of accidents, as they diminish the 
perception of unusual sounds or cries of 


appeal from fellow-workers in danger. They 


must therefore be reserved for special cir- 
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cumstances where it is impossible to do 
without them, and as these circumstances 
are rather numerous, it is necessary to 
make a detailed examination of the pro- 
cedure to adopt. As regards the ear plug 
there is no agreement on the best method 
of application. Should it be slack or com- 
pressed into the ears or should the ear be 
stopped as completely as possible by a 
tight plug impregnated with an oily sub- 
stance? Ignorance on this subject is due 
to the uncertainty in regard to the re- 
spective roles played by air and solid sub- 
stances in sound transmission. 

It is certain, however, that as far as 
fatigue is concerned the vibrations of the 
soil are an important, harmful factor. 
Hence, the use of anti-vibratory footgear 
or mats is to be recommended in all cases. 
An individual method, frequently extolled, 
is change of work, but this can easily be 
earried too far. Although excellent in it- 
self when recommended for workers in a 
particularly unhealthy trade, it loses all 
its value in a well-defined trade. ‘Take, for 
instance, the case of a flax spinner. Her 
work is of a special kind, requiring an ap- 
prenticeship of from three to four years at 
least, and consequently commands rela- 
tively high wages. What would a spin- 
stress do if she were put to winding or 
reeling? But if a change of occupation is 
often impossible, a change of place in the 
same occupation is often easy, and with 
differences of intensity, resonance and 
height of noise in various parts of the same 
room or in different departments or build- 
ings of the same industry, it is advisable 
and possible by a simple change of posi- 
tion to improve conditions for a suscep- 
tible person. 

Protective Measures Applicable to Work- 
ing Conditions. — Extensive and _ pains- 
taking researches should be made in order 
to discover the best means of lessening in- 
dustrial noise. The origin, intensity, 
height and rhythm of noise, the local cir- 


cumstances which increase it, the yjbpg. 
tions which accompany it, ete., must hp 
examined in detail. It is necessary {o po. 
duce the intensity as well as heigh| anq 
resonance. Among causes which avers. 
ate are carelessness, lack of room, wrong 
use of apparatus, lack of upkeep and ye- 
pairs, abuse of glass partitions, insufficiey; 
natural ventilation. But if it is true. ag js 
sometimes claimed, that the internal ear js 
organized in such a way that each of its 
parts corresponds to a sound of definite 
height, it would be of value to vary as 
often as possible the tone of sound in 4 
factory, and this is practicable in many 
vases. It has been observed that a sudden 
intermittent, and more or less irregular 
noise is more disagreeable to the ear, other 
conditions being equal, if produced in a 
quiet atmosphere than in a noisy one. 
Here we have practically the action of the 
natural organic defences still unknown as 
regards the ear. It is useful at times to 
compare certain machines making a con- 
tinuous moderate noise with those making 
a loud noise when thrown out of gear. But 
before we can successfully apply pro- 
phylaxis to objects, we must know how 
far air conduction is harmful to the ear. 
If it were shown to be powerless to create 
alone a serious organic ear lesion, the prac- 
tical means to apply would be principally 
against vibrations, and it would be neces- 
sary to have special regulations for the 
supporting structure of machines and loun- 
dations of factories, special platforms lor 
the use of workers, ete. 


(CONCLUSIONS 


1. It is desirable that careful observe 
tions be made in order to remove thie exis& 


ing uncertainty in regard to the folowils 
points: | 
(a) Are lesions due to noise so low ''!2' 
ent 


that high and deep sounds act on di! 
parts of the cochlea? 
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Y 


~e 


An international commission com- 


posed of doctors having access to all the 
factories of the country ought to decide 
the basis of an inquiry into industrial 
sounds, for the purpose of preparing a de- 
tailed account of the principal noisy in- 
dustries. 
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THE REHABILITATION OF EMPLOYEES: AN EXPERIENC) 
WITH 1,210 CASES * 


FREDERIC S$. KELLOGG, M.D. 


Physician, Western Union Telegraph Company, Pittsburgh, Pa. 


eas the custom of making <¢ 
physical examination as a prelimin- 
ary to employment has become very com- 
mon in recent years, there has grown up 
on the part of the employees a great deal of 
opposition and even hostility to this re- 
quirement. The object of the work here 
described has been to extend and make 
practical use of these examinations for the 
reconstruction of the employee — a_pro- 
cedure by which we believe that immense 
gains, both economic and in point of health, 
will be secured, and a kindlier feeling es- 
tablished. 

The subject of salvage in general has be- 
come a matter of vast and recognized im- 
portance and the savings thus secured are 
enormous. We may, for example, see this 
process being carried on daily in the dis- 
posal of city waste: A broad, endless belt 
carries the waste down a long room. Work- 
ers on either side take off various articles 
for reclamation, and what is left is then 
swept on to the furnace. If, instead of city 
waste, this endless belt were carrying men 
and women, more or less disabled, and if, 
Instead of ordinary workers, there were 
stationed by the sides physicians and 
specialists, would such wholesale human 
salvage be possible? Or would it be better 
merely to make a selection here and there 
of the best? 

The results submitted in this article were 
secured from the analysis of 1,210 examina- 
tions made among the emplovees of a large 
department store. There are in all 2,000 
employees in this establishment, SO per 
cent. of whom are women. ‘The average 


age is 27 vears. The method of medical 


* Received for publication Oct. 10, 1921. 


service in use in this store has been {y]Iy 
described in an earlier paper,} and there. 
fore it is enough for the present to say that 
the physical examination has been supple- 
mented by reports from specialists or {roy 
laboratory experts whenever such reports 
were needed. The general physical condi- 
tion of these men and women, as disclosed 


TABLE 1.— DISTRIBUTION OF DEFECTS [IN 
OLD AND NEW EMPLOYEES COMPARED 








© 
m © y 
Class = od Po x 2 = S = 
y 42\%@\/3\2/)4 &2 dz 
SE) 5 1/8) 21 oe led 22 
Oo” > © S B 1|569)| 5% 
Sei < 7 = & |OCf & 
New employees apply- 
ing for work. ......| 5382) 233) 14 | 78) 152) 288 97.3 
Old employees....... 678 27 7 | 113) 217 341 98.9 


by the study of the examination records, is 
shown in Table 1, new employees and old 
employees being grouped separately by 
way of comparison. In Table 2 the workers 
are arranged in groups by decades, in order 
to show more clearly the progressive <e- 
terioration suggested by the figures 1D 
Table 1. From the schoolchildren group (0 
the group of workers over 40 years oO! ag! 
there is a steady deterioration from 70 10 
99.3 per cent., the causes of which, | | 
experience of this service, are as [0 
infection from fellow employees, pers 

bad hygiene, and neglect. 

As to infection, it may be said that 
examinations analyzed the followi 
eases have been found: scarlet fever 
theria, measles, whooping cough, 1” 


+ F.S. Kellogg: Medical Supervision of fk: 
Penn. Med. Jour., 1920, p. 667. 
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‘agiosa, scabies, pediculi, gonorrhea, 
hilis, pneumonia, erysipelas, tubercu- 
ss and an immense number of cases of 
oased tonsils, acute and chronic, and an 
-cually large number of foul teeth and 
PABLE 2. — DISTRIBUTION OF DEFECTS 
BY DECADES 














Group pedis | Defective BE CEN 
- soolchildren eee err ee rk a aa Pia re 

Tader alibi, 2i0ceh Oe | a 
20 to 30 vears. ee bes ee 10 4 371 a we 
errs a ee A a 
Over $0 years....-..ccc0e 1] Me | 998— 


septic mouths. Infection is very real and 
ever present; yet medical inspection has 
heen limited to the schools. 

Bad hygiene — that is, bad habits which 
will cause disability in time —1Js_ very 
common. Out of 425 cases which were in- 
vestigated 359, or 85 per cent., were in- 
stances of bad hygiene. (Hygiene here 
does not include housing.) Neglect is even 
more common, indeed it is often the rule, 
as is evidenced by the fact that, none of the 
torty-lwo cases of tuberculosis noted among 
‘he employees examined was on treatment, 
and also by the habitual disregard of treat- 
ment as shown by the figures given later in 

iis paper (see Table 4). 
The gravity of the defects noted in the 
ninations under discussion can be seen 
lerence to Table 8, in which are given 
equirements in time for the rehabilita- 
‘these employees. In contrast to the 
rements and needs of these cases are 
acts as to the actual treatment which 
patients receive. The facts are ascer- 
das follows: On the completion of an 
ination and after reports from special- 
ave been received, it has been the 


custom to refer the patient for treatment to 
a hospital or to a specialist. In order that 
authentic reports of treatment may be re- 
ceived, the patient is given a report card 
with a stamped and addressed envelope. 
If treatment is secured, the report is re- 
ceived and noted on the patient’s health 
record. If the report card is not returned, 
the patient is called again to the office and 
his case is followed up until he has received 
proper treatment. The amount of follow- 
up work needed is instructive: There were 
thus given to patients 1,054 report cards, 
after a complete physical examination, 
frequently supplemented by a careful ex- 
amination by a specialist. The results were 
as follows: 

Number securing treatment without follow-up 


Is 6 co ce Fo ox wel te Oe eee teats 62 


Percentage securing treatment without follow- 


Wr Ns 6.0.04 Es ca capateuseconyeunduy 5.9 
Number who had to be called to office re- 
I co ain a hy gana ee aS ae eee aN 992 


If, after a full examination and with ex- 
pert advice, only 6 per cent. are led to se- 
from hands, 


cure treatment competent 


TABLE 38.— REQUIREMENTS IN TIME 


FOR TREATMENT 


Requirements Number Per Cent. 
of ¢ “a5CS 
No stopping of work required er 175 59.0 
rom 1 to 10 days of hospital care 573 b7.5 
Krom 10 days to 1 month at hos- 
pital. .... ee 107 5.5 
More than 1 month at hospital or 
sanatorium ' 55 b.5 
Incurable and unable to work ) 0.1 
what percentage would seek treatment 


when left entirely to their own initiative 


the condition of general practice? 


cent. And of this small number what per- 


( er- 


tainly it would be much less than 6 per 
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centage would place themselves in com- 
petent hands? Or, being fortunate enough 
to find themselves in good hands, how 
many would remain on treatment long 
enough to secure any permanent benefits? 
It is evident that constructive treatment, 
such as is necessary for the rehabilitation 
of these employees, exists, 1f at all, in only 
‘ases, and the 
progressive deterioration of the employee 


a very small fraction of 


which has been shown is evidence of this 
fact. 

The most impressive single fact brought 
out by the present study is the almost uni- 
versal neglect of life and health. And vet 
the only means used at present for the 
reclamation of the disabled employee is the 
treatment which he secures upon his own 
initiative. ‘The plan of leaving the sick or 
disabled employee to his own resources and 
trusting to his mitiative is, therefore, a 
failure. If anything is ever to be done for 
the emplovee we have, then, as an alterna- 
tive, medical supervision, either by the 
company or by the state. 


EXPERIENCE WITH MEDICAL 
SUPERVISION 


The experience here given covers a 
period of about two years, and includes a 
very great variety of diseases and dis- 
abilities. Treatment has not been made 
compulsory except in cases of tubercu- 
losis and contagious diseases, including 
veneral diseases. Moreover, a case is con- 
sidered and counted as having been treated 
only when the patient has been placed in a 
hospital, or in other thoroughly competent 
hands, and a report has been received on 
one of the cards already mentioned. 

To report all the diseases and disabilities 
occurring among the employees of the de- 
partment store under consideration would 
require an unduly long list. A few classes 
of diseases have, therefore, been selected in 
order to show the percentage of cases secur- 


ing treatment. (Tables 4 and 5.) The |vy, 
percentage attained in certain cases, sich 
as diseases of the nose and throat, is to |, 
explained by the fact that a very large 
number of operations have been reco). 
mended. Many of the cases which have 
not been treated as yet will, as a result of 
further work, have their defects corrected. 
It is to be noted, also, that although only 


TABLE 4.— CASES TREATED UNDER 
MEDICAL SUPERVISION 


— | Number Number | Per Cent. 
| of Cases Treated Treated 





Diseases and defects of eyes.) 313 117 57.3 
Distewcléetia cc... 9 | a | a 
ities of anne iain . 691 9] 13.1 
Bad seeth. SG larmcacas 717 176 24.5 
Diseases of digestive Pact... O4 24 25.9 
Orthopedic (employees stand 

SRS eek ieboa lakes 507 Is 3.5 
Diseases of skin. ; eA 67 Q4 35.8 
Ricaieeiiad cases........| 185 13 23.2 
Aereindicitin 11 7 65.6 
Siahelas. dt ae a ie 2 2g 100.0 
Sitiahon of nervous system. . 6 3 oU.0 


forty-two cases were diagnosed positively 
as tuberculosis, there were 141 cases ol 
Many of these, 
seventy-three in all, left the service of {he 


suspected tuberculosis. 


company without allowing a careful study 


If all these 


_ 


of their cases to be made. 
cases had been carefully studied, it is « 
tain that there would have been may 
more cases diagnosed as positive tuber 
culosis. 

Although the general average of cass 


() 


treated is not so high as we would hop: 
Il 


have it or so high as we expect to have | 
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« future, it is to be noted that it is about 
) per cent. more than it would have been 
.jthout medical supervision. And how- 

ver earnestly we may desire a higher per- 


centage of cases placed on constructive 


TABLE 5.— TREATMENT COMPULSORY 


Number Number = Per Cent. 


Disease 




















of Cases Treated Treated 
(;enito-urinary diseases .... 12 10 | 883 
Syphilis (5 cases untreated) . 6 5 83 
Tuberculosis (diagnosis posi- 
SNe. -. 2:35 © ghar kee a es 42 30 | 71 
Suspected tuberculosis  (di- 
agnosis not made)........ 141 
(Contagious diseases........ 6. 6 100 
Pregnancy (including 1 case of 
toxemia of pregnancy)... . 6 6 100 
Total defects noted... .. 2.906 577 19.8 


treatment, we cannot secure these best re- 
sults without educating the employees. 
They must be taught new and higher ideals 
of health. The very existence of a medical 
service, such as the one considered in this 
report, is the best way to teach these ideals. 
The constant contact with the medical de- 
partment and the transformation effected 
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in the lives of many of the patients will 
teach lessons which can be learned in no 
other way. The relief of recurring head- 
aches and of the exhaustion of chronic ill 
health, the rejuvenation of the consump- 
tive, the development of ability and talent 
blighted by disease — these benefits will 
give new standards of health, and secure 
hearty co-operation on the part of the 
employee. 


(CONCLUSIONS 


There is a progressive deterioration of 
physique in the group of employees here 
studied and presumably among working 
people in general. This deterioration is 
found to be due to infection from associates, 
to persistent bad hygiene, and to continual 
neglect. 

The initial or sporadic examination can- 
not supply a healthy body of employees 
nor can it arrest this strong tendency to 
deterioration. 

Medical supervision offers an effective 
means of securing the rehabilitation of 
employees, and salvage of large groups of 
men and women is thus practicable. 

The time, therefore, is surely past when 
employer and physician, content to make a 
selection here and there, can wateh with 
indifference the endless stream of more or 


less disabled men and women sweep by. 
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TRINITROTOLUENE POISONING — ITS NATURE, DIAGNOsI<¢ 
AND PREVENTION 


Continued 


CARL VOEGTLIN, CHARLES W. HOOPER, anp J. M. JOHNSON 
From the Division of Pharmacology, Hygienic Laboratory, U.S. Public Health Service 


krigeLtp INVESTIGATION 


HE principal purpose of the field inves- 

tigation was to apply the knowledge 
gained from the study of T.N.T. poisoning 
in animals to the conditions prevailing in 
the factories. This work was done in a 
large shell-filling plant employing from 
7,000 to 8,000 workers, and was made pos- 
sible through the co-operation of both the 
management and the workers. The work- 
ers were employed in three shifts of eight 
hours each. The general sanitary conditions 
of this war settlement, such as housing, 
sewage disposal, water and food supply, 
were excellent. A hospital with a compe- 
tent staff of physicians and nurses looked 
after the sick workers. On account of the 
high wages paid, the labor turnover was not 
large, a fact which made it possible to ex- 
amine workers who had been exposed to 
TAN... for a long time. 


each factory unit were sometimes shifted 


The workers of 


from one job to another, but on the whole 
a considerable number were continuously 
exposed to T.N.T. The following brief re- 
marks are intended to familiarize the 
reader with the conditions under which the 
TAN... worker is exposed to the poison. 


Manufacture of High Explosive Shells 


The mannfacture of high explosive shells 
varies with the type of explosive used. At 
the beginning of the war, T.N.T. was ex- 
tensively used as the main charge. With 
the tremendously increased demand _ for 
these shells, it became necessary to supple- 
ment the deficient supply of T.N.T. by 
using a mixture of ammonium nitrate and 
T.N.T., commonly called amatol. 
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It T.N.T. alone is used, it is melted jy 
large steam kettles at a temperature of 
about 85°C., and the molten explosive jg 
then poured into the shells. Amatol is pre- 
pared by mixing from three to four parts of 
dry ammonium nitrate with T.N.T. at 4 
temperature of approximately 90°C. The 
mixture, while still warm, is pressed into the 
shells by machinery (extruding machine), 
In order to understand the process of filling, 
the following description of the various 
parts of a high explosive shell is here given.* 

The shell proper is made of hollow stee! 
and fits snugly into the top of the cartridge. 
The bursting charge is contained in the shell 
and consists either of T.N.T. or amatol. A 
circular opening in the top of the shell is 
threaded so as to allow the adapter and 
booster to be screwed down into it. 

The adapter is a device holding a narrow 
tube which in turn contains a narrower 
tube. The two tubes together constitute 
the booster. The adapter and booster are 
loaded with a mixture of tetryl (tetrani- 
troaniline) and T.N.T. The fuse which 1s 
loaded with a sensitive explosive (mercury 
fulminate) is inserted at the top of the 
shell. The fuse is not inserted at the filling 
plant, but is put in before the shell is fired. 
The bottom of medium and large calibe 
shells contains a mixture of T.N.T., «1 
monium nitrate and ammonium chilori 
This mixture (“‘smokemix’’) is used to | 
duce smoke for the purpose of range ‘ 
servations. 

The method of filling the shells in us 
the plant where this investigation was « 
ried out is essentially the following: |! 


* See “Ordnance and Gunnery” by Tshappat, Wu! 


Sons, 1917. 








oty shells are first painted in the empty- 
1} room. After this they pass to the 
airing house containing three steam ket- 
in which the T.N.T. is melted. These 
‘les are provided with a hood connected 
}) a vertical ventilating pipe which 
asses through the top of the roof. The 
od has a window which permits the filling 
nd emptying of the kettle. The workmen 
this job are exposed to T.N.T. fumes and 
dust. The molten T.N.T. is poured into 
large ash cans, from which the shells are 
filled by means of hand dippers. The 
T.N.T. in the shells slowly crystallizes. 
The crust which is formed on the top is 
broken up in order to prevent cavity for- 
mation. This work is usually attended to 
by women. After all of the T.N.T. has 
crystallized the shells are put on trays and 
moved on rails to the finishing room, where 
the booster cavity is formed. This last 
process 1s done by pouring 'T.N.T. around 
a steel form inserted into the top of the 
shell. After cooling, the form is removed 
and the cavity is blown out with com- 
pressed air. The finishing room contains a 
steam kettle of the same construction as 
[hose in the pouring room. Finally the 
booster, containing the mixture of T.N.T. 
and tetryl, is inserted into the top of the 
shell. The loaded shells are transferred to 
‘he stenciling room, where they are labeled, 
weighed, and examined. From the stencil- 
ing room the shells pass to the magazine. 
The booster plant is separated from the 
‘illing plant. The mixture of dry T.N.T. 
wid tetryl is pressed into the booster by 
Means of hydraulic presses. Amatol was 
used as the main charge until two months 
velore this work was begun. 


Incidence of T.N.T. Poisoning 


11 the time at our disposal it was impos- 
« to examine all T.N.T. workers in this 
it. For this reason, 237 workers were 

‘ed at random and subjected to a 
ugh examination, special attention 
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being given to the presence or absence of 
clinical manifestations of T.N.T. poisoning, 
such as cyanosis, icterus, and dermatitis. 
A specimen of urine was obtained from each 
worker, and this was examined for the 
presence of T.N.T. derivatives (Webster 
test), bile pigment and albumin. The blood 
was tested for its hemoglobin content by 
means of a Sahli hemoglobinometer stand- 
ardized against a standard solution of 
hematin. The hemoglobin figures are 
therefore very reliable. The number and 
character of the red blood cells was deter- 
mined. A white cell count and differential 
count were also made, and the number of 
nucleated red cells per 200 white cells 
counted. Information as to the length of 
exposure to T.N.T. and the type of work 
performed by each worker was obtained. 
The data pertaining to this work are com- 
piled in the accompanying tables. Before 
proceeding to a discussion of these results, 
it is desirable to review briefly the work of 
other investigators interested in this sub- 
ject. 

Livingstone-Learmonth and Cunning- 
ham (28) relate their experiences in a shell- 
filling plant in Great Britain and call atten- 
tion to the frequency of poisoning among 
thirty-six women workers as determined by 
clinical symptoms. They also report the 
blood and necropsy findings of a case of 
toxic jaundice. The blood in this case 
showed 4,400,000 red corpuscles, 9,320 
white cells, 60 per cent. hemoglobin, ab- 
sence of methemoglobin and nucleated red 
cells, no abnormalities in white cells. 

Panton (24) examined fifty T.N.T. work- 
ers, some of whom had mild symptoms but 
were perfectly fit for work, with special 
reference to the blood changes. He stated 
that the red cells and hemoglobin were not 
adversely affected, with the exception of a 
slight degree of poikilocytosis. A moderate 
leukocytosis with a relative increase in the 
polynuclear neutrophils was noted in many 
cases. ‘The blood serum often contained an 
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abnormal amount of bile pigment. Panton 
furthermore examined twenty-eight cases 
of toxic Jaundice and six cases of so-called 
aplastic anemia. In the former group only 
four cases showed blood changes, these 
being characteristic of aplastic anemia. 
Panton suggests that moderate doses of 
T.N.T. might lead to a stimulation of the 
blood-forming organs. 

Stewart (29) reports fourteen cases of 
toxic jaundice, in some of which the blood 
revealed an anemia of various grades. In 
nine cases a neutrophil leukopenia with 
lymphocytosis was noted. 

Smith (30) examined twenty-five work- 
ers exposed to T.N.T. dust. A few showed 
sight cyanosis and complained of ab- 
dominal pains, but were otherwise perfectly 
fit for work. The lowest hemoglobin esti- 
mation was 75, and the red cell count was 
never below 4,400,000. No abnormality 
was noted in the character of the red cells. 
Most of the cases showed a moderate 
leukocytosis and increase in polymor- 
phonuclear neutrophils. The platelets ap- 
peared normal. 

Harrington (31) and Gregorson and 
Taylor (32) also report a small number of 
cases of T.N.'T. poisoning. 

Recently a paper appeared by Minot 
(33) in which the blood changes found in 
2335 T.N.T. workers are reported in great 
detail, as follows: 


Red cell abnormalities were found to be very 
frequent. The most interesting abnormality was the 
frequent finding of fragmented or fragmenting red 
cells which have a definite histologic character. 
These cells appear to afford evidence of a rapid in- 
creased destruction of the red cells. Evidence shows 
that distinct increases of these cells are to be looked 
on as a significant sign of a considerable degree of 
poisoning; and probably when they occur in large 
numbers, they indicate some degree of toxic jaundice. 
Among other red cell abnormalities noted were the 
following: Polychromatophilia occurred in 83 per 
cent. of the cases, often to a marked degree. Howell- 
Jolly bodies, stippling and blasts were found, and in- 
creased numbers of reticulated red cells. The red cell 
count averaged in the mildest cases 4,500,000, and in 


the severest 3,800,000. It was found that ther 
usually a definite relationship between the al 
amount of red cell changes and the symp} 

Methemoglobin or some form of changed hemoge).\),; 


n 
is apparent in these cases. 

The white blood cells do not furnish as muc; jy. 
formation concerning the workers’ condition as «\o 
the red cells. Slightly increased white cell coyyts 
were common. ‘The observations showed that ay 


individual may become distinctly and severely joi. 
soned with a normal, or an absolute or relative in. 
creased lymphocyte count, or with an increased or 
normal polymorphonuclear count. However, |yin- 
phocytosis is to be looked on as an undesirable sign. 
but does not necessarily indicate that significant 
poisoning will occur or is occurring, except when there 
is a leukopenia. Slight eosinophilia (more than 5 per 
cent.) occurred in 10 per cent. of the cases. It was 
more common in cases with slight symptoms than in 
those with marked. 

The blood platelets were usually slightly in- 
creased. Their diminution was observed twice and in 
both cases there was a relative lymphocytosis. Such 
a condition should certainly be regarded as evidence 
of a severe effect on the marrow, indicating aplasia. 
Webster’s test for changed trinitrotoluene in the 
urine was found to be less valuable than blood ex- 
amination to indicate the worker’s condition. 


Minot (33) (34) does not give much in- 
formation as to the change in hemoglobin 
content of the blood. The few hemoglobin 
estimations referred to were made by the 
Tallquist method, which is very unreliable. 

In its final report the Health of Muni- 
tion Workers Committee of the British 
Ministry of Munitions (35) makes the 
following recommendations concerning the 
detection of the milder forms of T.N.T. 
poisoning: 


Care must be taken to avoid confusion with 
digestive disturbances due to other causes. Accoulits 
given by patients may be unintentionally misleading. 
The yellow staining which normally occurs \ th 
T.N.T. cannot be taken as in itself a sign of polsoll- 
ing. The following points are the more impor!:!!! 
indications of T.N.T. poisoning: 

(a) Pallor of face and an ashen grey colour 0! | 
lips, tending to disappear if the worker becomes «*- 


cited, as by medical examination. Sometimes 
lips and tongue are purple in colour; the tong 


generally free from fur. 
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The character and situation of the stomach 


~ 
i . 


The presence of constipation and stomach 


ention. 


The literature, therefore, shows that, 
1 the exception of Minot, all writers 
.-|y principally on the presence of clinical 
vmptoms for the diagnosis of T.N.T. pol- 
ing. We cannot share this view, as our 
york has clearly shown that marked blood 
changes may be present in some workers in 
spite of the fact that they do not exhibit 
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however, abnormal, showing anisocytosis 
and poikilocytosis. This relatively high 
number of red cells is due to fragmentation 
and proves that a red cell count alone, in 
the absence of a hemoglobin estimation, is 
Nu- 
cleated red cells were found in the circulat- 
ing blood in 18 per cent. of the anemia 


a very unreliable diagnostic index. 


cases. As regards the leukocytes, 4 per 
cent. of the cases with anemia showed a 
leukopenia, 22 per cent. a leukocytosis 


(count above 10,000), and 49 per cent. a 


TABLE 1.— CLASSIFICATION OF CASES WITH ANEMIA 


Data compiled from an examination of 149 male and 88 female T. N. T. workers. 
| 


Sata alt Com Hemoglobin in 
. - ases 


Erythrocyte Counts Leukocytes 





Per Cent. t ios 
we, os 
. : —_ eneinareerreremnipeents re 2 
oid . " a Siioeo)}+ ~ oe 
= — io Males Females Males Females “amici g§ |S is 
— = | "Ss “Ss Ol St = = a) 
l) of — a mS ~ a, Siz ics = oD 
. > = | = ‘gg > ~~ 
\nemia = & ‘S 5) SE selon =< ped = 5 
= 5 3 | ae p f n r 24/22 (SS S538 
Es s]| 3/88 | &|/ ga | &| gf % 5 % 5 Pe ee Ba F= ES 
Can ry C21 8 iO 2 = Y = Y = Y = Y a 2 | nein! nm Br 
wm = ws] gs i Le 5 a 5 os ae = ~ th ¥2\/¥c01 25 42 #E 
~ = ~ = =| hn ~ — YS a — — ~ ~~ i a > nS Hh o| ® 
ov —_ Vee | & o & 7 “ - “ > a - A RS 6! as || 8a | 8 S| Sm 
Ba |) Be | Rae| Ge [Oe Bl ee = os = — <2) < x) wm ||OPS O's UO 
j ( ( % 
5,736,000 ! 5,440,000 
-~oO~ c € ~ ~ »~ reo ~ « . ’ \ , « - « . 
Slight 90.2, 80 53.7) 39 44.3 79 97-71 76 91-71 4,306,000 4,210,000 >, 38 14 | 2.5; 23; 46 
2,928,000 | | 2.888.000 
| \ d 
P m , | ee ee, eee 5,200,000 4,704,000 
Moderate 21.5 32 21.5; 19 21.6 | 67 |70—-61 66 70-62 4,181,000 ca > 4,064,000 Sek $1 22 8.0) 22) 61 
— 3,488,000 3,224,000 
Sever 0.4 1 0.7 57 57 2,936,000 2,936,000 i Le re 0 0 .. 100 100 


Table 1 
reveals the significant fact that 72.5 per 


any cyanosis, pallor, or icterus. 


cent. of the workers showed an anemia of 
various grades. These cases are grouped 
into three classes as follows:: (1) slight 
anemia, men with less than 84 per cent. 
hemoglobin or a red cell count below 
',000,000, and women with less than 80 
per cent. hemoglobin or a red cell count 
below 3,700,000; 


workers 


(2) moderate anemia, 
with a hemoglobin content of 
‘rom 60 to 71 per cent.; and (3) severe 
aicma, workers in whom the hemoglobin 
| below 60° per According to 
lable 1, most of the anemia cases belong to 
‘ic frst and second groups, and only one 
revealed the presence of a severe 
ia. The red cell count of the anemia 
is very often normal or even above 


cent. 


al. The red cells of these cases are, 





relative lymphocytosis (mononuclears 
above 40 per cent.). 

Both sexes show approximately the same 
percentage of anemia cases, a fact which in- 
dicates that sex has no influence on the 
The 


same holds true in regard to the relation of 


susceptibility to T.N.T. poisoning. 


the age of the workers to the susceptbility 
to anemia, as the latter appears in young, 
middle-aged, and old persons, the average 
age of the workers included in the three 
grades of anemia being approximately the 
same. (See Table 2.) In passing, it should 
be mentioned, however, that the British 
reports refer to the greater susceptibility of 
We were 
unable to verify this observation as the 
the 


persons under 18 years of age. 


factory regulations prohibited em- 


ployment of persons below 18 years of 
age. 
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There is no consistent relation between 
the time of exposure and the susceptibility 
to anemia, a fact which is probably best ex- 
plained by variations in the individual 
susceptibility of the workers to T.N.T. 
poisoning. It will be recalled that a very 
marked difference in individual suscepti- 
bility was also observed in dogs, and there 
is no reason to doubt that it may likewise 
occur in man. Moore (7) attributes this 
difference in susceptibility to differences in 
the permeability of the skin to T.N.T. We 
believe that this factor may partly account 
for these differences, but not entirely. It 
cannot be denied that the skin of various 


that cyanosis of the oral mucous mem});))), 
is often absent in spite of the presence «/ » 
moderate to severe degree of anemia. |). 
lor of the skin was noted in 39 per cen!. of 
our cases showing anemia. 

A considerable number of the workers 
without anemia exhibited certain }jooq 
abnormalities and the presence of cyanosis 
or pallor. (See Table 3.) This would indj- 
cate that T.N.T. was absorbed by these 
workers, but obviously not in sufficient 


¢ 


quantity to produce an anemia or toxic 
jaundice. In these cases blood regenera- 
tion was able to overcome any increased 
blood destruction caused by the poison, 


TABLE 2.— RELATION OF ANEMIA TO AGE, TIME OF EXPOSURE TO T. N. T., AND CYANOSIS 


[Data compiled from an examination of 149 male and 88 female T. N. ‘I 


Age in Years 


in Days 
Class 
Average | Extremes Average Extremes 
Slight anemia....... 28 1S—70 122 8-545 
Moderate anemia 0) 18-538 102 $—390 
Severe anemia ...... 20 20) 24 Q4 | 


individuals shows a considerable variation 
In permeability to certain poisons. This 
was very well proved in the case of a num- 
ber of war gases. It is to be kept in mind, 
however, that it was shown in the previous 
section of this report that dogs exhibited a 
marked difference in susceptibility, even 
when differences in the absorption of 
TNT. were completely excluded. Under 
these conditions the variation in individual 
susceptibility is very likely due to dif- 
ferences in the methods of dealing with the 
poison on the part of the body, in the 
manner indicated in the experimental 
section. 

Only 48 per cent. of the anemia cases 
showed the presence of cyanosis of the lips. 
This observation is in conformity with the 
observations made on dogs with chronic 
T.N.T. poisoning. Here it was also shown 


Time of Exposure 


XN 
. 


workers| 





Number of Cases with Cyanosis Number of Cases with Pallor 
and Anemia and Anemia 

Per Cent. Per Cent. 

of Total Males Females of Total Mal ? 

- | Aaies | ma Ss os A aics | el le s 
Number ; Number ' - 
of Cases of Cases 

15 6 Ss 33 28 1] 
55 Q] 7 19 16 i) 
0 0 


0 0 | O () 


The urine of these workers never con- 
tained even traces of bile pigment, and 
icterus was always absent. In no case did 
the urine contain sugar, and in a few cases 
only, a moderate amount of albumin was 
found. The urinary Webster test was made 
in a large number of cases and was nearly 
always positive. There was no relation be- 
tween the intensity of the test and_ the 
anemia. The detailed account is therefore 
omitted. The Webster test has no <iag- 
nostic value beyond showing that T.N.1. 
is absorbed and excreted in a modified 
form. A few of the workers complained 0! 
shortness of breath and palpitation follow- 
ing slight exertion. Others complained 0! 


itching of the skin of the forearms «nd 
lor 
al 


face, and in a few workers a typical pay)! 
dermatitis was observed. The skin o! | '¢ 


1, tO 


hands often shows a yellow staining 
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| ' The hair of some workers as- 
. a reddish-yellow discoloration. 

sum up, it can be said that nearly 
fourths of the examined 


od definite signs of poisoning. For the 


workers 


‘ion of poisoning the physician can- 
ely altogether on symptoms, but he 
id also make a_ blood 
\loch valuable information can especially 


examination. 


vuined from an accurate hemoglobin 
A standardized Sahli hemo- 
for this 


estimation. 


{ 


lohinometer is recommended 


() 
— 


purpose. 
Preventive Measures 


In the manufacture of ‘T.N.'T. and in the 
filling of shells with this substance, it is 
almost impossible to prevent all contact of 
the workers with this poison. A certain 
amount of vapor is always formed in the 
heating of ‘T.N.T., and unless rigid pre- 
cautions are taken this vapor escapes to 
some extent into the workrooms, where it 
dust which settles 


condenses to a fine 


TABLE 3. 


Poikilocy- 


Cases tosis or 


Anisocy- 
tosis 
WORD MOM 0. a. ghar Pen OPE One ia 171 39 
\\ hig t « " - ‘ys < 
ee ck Pe re a ae Oe ee 66 $2 


| 
Sif r\\ ly 


[t is also impossible to prevent 
completely the spilling of either the molten 
or solid explosive, with the result that the 


oor, machinery, and the outside of the 
Shi LTC 
an 


ii 
i? 


more or less contaminated with 
Hence the workers may absorb 
son through the skin or the poison 
‘ler the body with the inspired air. 
latter case part of the substance 
swallowed and absorbed from the 
; testinal tract. On account of the 
of a method for the determination 


bsolute amount of T.N.T. absorbed 
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by the skin of the workers, it is impossible 
to estimate the relative importance of skin 
absorption and absorption by the respira- 
tory and gastro-intestinal tracts. Moore 
and his colleagues are inclined to attribute 
all T.N.T. poisoning to skin absorption. 
This view is altogether too one-sided, as 
the estimation of the air contamination 
made by Professor Phelps and Mr. Cassel- 
man of this laboratory plainly proves that 
under certain conditions the workers take 
in a considerable amount of the poison 
with the inspired air. For this reason it is 
safer to take the necessary precautions 
against both methods of absorption. ‘The 
same position in regard to this matter is 
taken by the British Health of Munition 
Workers Committee in its final report. 


Absorption of T.N.T. by Skin 


In view of the importance attached to 
skin absorption in the production of T.N.T. 
poisoning, 1t appeared desirable to deter- 


BLOOD CHANGES AND SYMPTOMS IN WORKERS WITH AND WITHOUT ANEMIA 


Leukocytes 


Nucleated 


. I v4 © ae >. 
Red Cells Below Above Relative Cyanosis Pallor 
5,000 10,000 Lympho- 
cytosis 
70 0 % % % % 
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mine the skin area actually exposed to the 
poison, 

Several hundred workers, both men and 
women, were examined by testing the skin 
of the various parts of the body with alco- 
holic sodium hydroxide (Webster’s reagent) 
and noting the intensity of the color so ob- 
tained. This varied from a very deep 
purple to a negative finding, and differed 
considerably on the same body surfaces in 
different individuals. As a general rule the 


reaction 1s most intense on the palms of the 
hands and about the ankle region. Next in 
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line comes the dorsal surface of the hand, 
the wrist, the foot below the ankle, the 
forearm, the neck, and the face, in the 
order named. The reaction is rarely posi- 
live on other parts of the body. 

The skin area exposed to 'T.N.T. in fe- 
male workers was as a rule not so extensive 
as that of male workers, which is due to the 
facts that the former are more particular in 
wearing clean overalls, underwear, and 
gloves, and that they bathe more fre- 
quently than the average male worker. 
This conclusion was reached from informa- 
tion volunteered by the workers, and from 
inspection of the change houses and living 
quarters, 

The important practical point brought 
out by these tests is that the clothing and 
overalls protect the covered skin very 
efficiently against contact with the poison. 


The only exception in this respect concerns 
the ankle region. The poison gained access 


to this skin area on account of the fact that 
overalls of these workers did not cover the 
upper part of the shoes, and thus permitted 
T.N.T. dust to penetrate the stockings 
above the shoes. In order to avoid this the 
worker should be required to wear overalls 
which cover not only the Jegs but also the 
ankles. 

The use of leather gloves seems to be 
of little protective value, as most of the 
workers remove them from time to time, 


thus allowing the inside of the gloves to. 


become covered with T.N.T. Under these 
condilions skin absorption is probably 
favored instead of reduced, especially dur- 
ing the warmer seasons when excessive 
perspiration might aid it. ‘The use of 
gloves should therefore be discouraged. 
The British official reports refer to the 
failure experienced in the use of skin 
varnishes in the prevention of skin absorp- 
tion. In several cases varnishes gave very 
unsatisfactory results. Dr. George F. 
White of this laboratory has experimented 
with a shellac castor-oil varnish which ap- 
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pears fairly satisfactory for this purpose, 
but its trial in the factory was impracti- 
cable. 

Further work was done in order to dis- 
cover an inexpensive, harmless, and. ef- 
ficient skin which might 
satisfactory in removing T.N.'T. from the 
skin of the workers before they left the 
factory. It is obvious that such a skin 
wash might considerably reduce; possibly 
by two-thirds, the amount of ‘T.N.T. ab- 
sorbed by the skin, as the worker would no 


wash prove 


longer absorb the poison after leaving the 
factory. The regulations in this plant re- 
quired that the workers should wash their 
hands and faces very thoroughly with soap 
and water afler stopping work, and they 
were also advised to take a shower bath. 
Excellent wash houses were available for 
this purpose, bul the instructions were only 
parlially carried out. It was furthermore 
found that soap and water do not remove 
all the J.N.T. from the skin even after 
thorough and repeated washing. Numer- 
ous experiments were then curried out to 
delermine the solubility of PLN.T. in yvari- 
ous solyents. The most promising solvent 
seemed to be a 10 per cent. sodium sulphite 
This wash was tested out on 
TINT. workers in the following manner: 


solution. 


Thirty-six workers volunteered for this 
experiment. They were asked to wash their 
hands and forearms very thoroughly, first 
with soap and water, and then with 10 per 
cent. sodium sulphile in water. The pres- 
ence or absence of T.N.T. on the skin 
previous to and after the washing with 
soap and the sulphide was determined by 
means of alcoholic sodium hydroxide (Web- 
ster’s reagent). The results are illustrated 
by Table 4. It is evident, then, that wash- 
ing of the skin wilh soap and water re- 
moves only a relatively small portion of 
TN.T. After washing in the sodium sul- 
phite, however, the test for T.N.'T. became 
negative in practically all cases except where 
the washing had not been very thoreugh. 














VOR TLIN — TRINTTROTOLUENE POISONING 


In order to gain some information as to 
the actual amount of 'T.N.T. removed by 
the sulphite wash, the following experiment 
was carried out: Four T.N.T. workers 
were asked to wash their hands and fore- 
arms theroughly with soap and = water. 
After this they washed a second time in a 
liter of 10 per cent. sodium sulphite, eare 
being taken to prevent spilling of the solu- 
tion. ‘The sulphite solution assumed a dark 





fe ak Ss tli tele he! es ah Nie ites le. il en at eae Re ee tt tink Sl Peete Distant hee. 


@ , 


287 


made inquiries as to where they could pro-’ 
cure it. ‘The reason for the great interest on 
the part of the workers is that the deep red 
color which appears on the skin after treat- 
ment with sulphite clearly proves to the 
worker the presence of T.N.T. on his skin, 
and the fact that the color passes into the 
solution visualizes the removal of the poi- 
son from the skin. ‘There is no objection to 
the use of the sulphite solution for washing 


TABLE 4.— RELATIVE EFFICIENCY OF SOAP AND WATER AND SODIUM SULPIITE 


SOLUTION IN REMOVING T. N. 'T. 
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red color and was analyzed for T.N.T. im 
the following manner. ‘The solution 
acidified with dilute sulphurie acid and ex- 
The ether ex- 


Vas 


tracted twice with ether. 
tract was washed twice with distilled water 
and the ether evaporated to dryness. ‘The 
crystalline residue, after drying to constant 
weight, weighed 148 mg. and consisted of 
TNT. It is, therefore, evident that at 
least 87 mg. were removed from the hands 
of each worker. 

The workers who used the sulphite wash 


were enthusiastic over the efficiency of Uis 
chemical for the removal of T.N.'T. and 
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the face and neck, as animal experiments 
have demonstrated that this solution has 
no injurious effect on either the skin or the 
eyes. 


Absorption of T.N.1. by Langs and Gastro- 
Intestinal Tract 

In order to prevent as much as possible 
the absorption of T.N.T. by the lungs 
and gastro-intestinal tract, the workrooms 
should eliminate the possibility of air con- 
tamination with ‘T.N.'T. In the factory in 
which this work was carried out, three 
operations exposed the workers to badly 
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‘contaminated air. First of all the melting 
of ‘T.N.T. in the steam kettles Jed to the 
escape of a considerable amount of the 
vapor into the workroom as the kettle 
hoods were not provided with forced draft. 
The workmen cngaged in melting were 
therefore breathing air more or less satu- 
rated with TN... vapor, which, according 
to the analyses reported by Professor 
Phelps and Mr. Casselman,* centained 
0.006 mg. of TLN.T. per liter. The worker 
would therefore breathe at least 16 me. of 
T.N.T. during seven and one-half hours. 
Another operation which led to air con- 
tamination was the sweeping of the floors, 
which was done three times during the day 
while the workers were al work. The dust 
suspended in the air by means of this opera- 
tion is very light and seliles slowly. As the 
result of the sweeping, each worker would 
breathe in approximately 9.) mg. ef TNA. 
during a day. The third objectionable 
operation consisted ino blowing out the 
booster cavily with compressed air. This 
was done very frequently in the finishing 
room, and the persons on this job may take 
in 2 or 8 mg. of T.N.'T. with each breath. 
These serious health hazards could easily be 
eliminated by the use of exhaust ventila- 
tors for the melting kettles and an appro- 
priate vacuum system for the cleaning of 
the floors and the booster cavity. 

The figures given in the report of Pro- 
fessor Phelps and Mr. Casselman are con- 
vincing enough to emphasize the iimpor- 
tance of preventing air contamination. ‘The 
method used was much more accurate than 
the one used by Moore and his colleagues, a 
fact which explains the higher values thus 
oblained. 

As a further precaution, the workers 
should be urged to wash their hands 
thoroughly before eating their meal during 
the working hours. The protective value of 
respirators has been tested oul extensively 


* The report hs l’rofessor Phelps and Mr. Casselman 
will be published clsewhere. 


in this country and abroad, and has beer 
found to be very unsatisfactory. 

This investigation, therefore, clearly 
preves the necessity of guarding the worker 
against absorplion of the poison by the 
skin- as well as by the lungs and gastro- 
uttestinal tract. 


Diel 

In the first part of this paper attention 
was called to the relation between diet and 
TANJE. poisoning. It was pointed ont Ural 
dogs on a meat dict are more resistant to 
the action of I.N.T. than dogs fed on 
bread and milk. In view of this observation 
it was iinportant to make inquiries conceri- 
ing the dict of the workers. 
~The company operates two mess hills. 
one principally for women, the other for 
men. In both of these a fixed menu }: 
served. There is also a “short-order” 
reslaurant where the workers can choose 
their menu from a large variely of foods. 
‘The portions served in these mess halls are 
fairly diberal. ‘Phe menus vary but little 
from week to week. 

A relatively small number of the workers 
live in family cottages and procure their 
provisions from the company’s commissary 
store. 

It was evident that the dict of the work- 
ers was varied and that it included a 
considerable amount of meat, vegetables, 
cereals, bread, butter, and fruits. The 
good quality of the dict consumed by the 
workers may be one of the factors which 
accounts for the evident absence of severe 
T.N.T. poisoning in this plant. 


Toxic Jaundice and Aplastic Anemia 

The first cases of toxie jaundice at- 
tributed to TLN.T. were reported in 1915 
by the medical inspectors of factories to the 
British liome office, which in turn issued 
Instructions lo physicians to report all such 
cases. According to O'Donovan (36) there 
occurred in England, in 1916, 181 cases 
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with 50 deaths: in 1917, 189 cases with 44 
deaths. Tn addition there were reported 
during this period 14 cases of aplastic 
anemia, these cases being regarded as rep- 
resentatives of another extreme form of 
TAN.T. poisoning. No statisties are avail- 
able as to the prevalence of these two con- 
ditions in the United States. Martland (5) 
and Haythorn (37) report two fatal cases, 
giving also the pathological findings at 
necropsy. Ilamilton (38) (39) reports 13 
deaths from ‘T.N.T. poisoning in’ the 
United States, but fails to state the nature 
of the clinical picture, whether toxic jaun- 
dice or aplastic anemia, 

[t is very significant that the occurrence 
of toxie jaundice and aplastic anemia in 
T.N.T. workers is relatively rare when it is 
considered that Great Britain alone em- 
ployed over 100,000 persons in the manu- 
facture of munitions. It is also to be 
remembered that the diagnosis of toxic 
jaundice depends largely on the icterus, 
which of course is not characteristic of this 
condition only, and the association of the 
worker with P.N.T. Syphilitic icterus, or 
true vellow atrophy of the liver. may occur 
in TN... workers and may thus lead to a 
diagnosis of toxic jaundice. he same holds 
true for aplastic anemia, a disease which 
also occurs in persons not exposed to 
TN.T. It is therefore possible that the 
fivures given by O'Donovan are somewhat 
too high. 

The question naturally arises as to why 
most of the T.N.T. workers should be im- 
mune to toxie jaundice and aplastic 
anemia. ‘The following considerations may 
assist in the solution of this problem. 
From the results obtained in the study of 
T.N.T. poisoning of dogs, it is evident that 
T.N.T. often causes the appearance of a 
very severe anemia. The bone marrow of 
these animals is liwperplastic without ex- 
ception, and for this and other reasons the 
anemia as observed in these animals cannot 
be regarded as a true aplastic anemia. ‘The 
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blood destruction was therefore attributed 
to a primary injury of the red cells leading 


_to fragmentation and eventually to phag- 


ocvlosis of the injured red cells by the 
phagocytic cells of certain organs. The 
examination of the T.N.T. workers has 
furthermore revealed the fact that a con- 
siderable number show a moderate anemia, 
Minot has also called attention to the frag- 
mentation of the red cells in many T.N.T. 
workers, 

We therefore believe that the available 
evidence clearly shows that the mechanism 
of the blood destruction caused by TLN.T. 
is essentially the same in dogs and in man, 
Previous writers on this subject insist, how- 
ever, that T.N.T. anemia is caused by the 
toxie action of T.N.T. or some of its deriva- 
tives on the hematopoietic organs, espe- 
cially the bone marrow. Our data do not 
permit us to exclude this possibility alto- 
vether, although they do show that T.N.T. 
anemia is essentially a phagocytic anemia, 
The bone marrow was examined ouly in six 
cases of so-called aplastic anemia in T.N,T,. 
workers. ‘The marrow of the femur was 
described as gray in one case, fatty with 
pink spots in two cases, and pale pink in 
two cases. ‘Turnbull (40) from the micro- 
scopie examination of the bone marrow in 
one case, claims that it showed a relative 
excess of ervthroblastie activity and a de- 
crease in the number of megalokaryoceytes; 
numerous plasma cells and large phag- 
oevtes containing pyknolic nuclei, eryth- 
roblasts, erythrocytes, and iron-containing 
pigment. It is possible to conceive that in 
the later stages of the anemia the function 
of the bone marrow may be seriously de- 
pressed on account either of the oxygen de- 
ficiency or of other metabolic abnormalities 
resulting from the severe aneinia, or as the 
result of the direct action of the poison on 
this organ. We believe, however, that these 
factors are of minor importance in the pro- 
duction of T.N.T. anemia. 

As to T.N.T. icterus, the experimental 


Fa tv ene veel ah a ats Ries 


\. 














290 THE JOURNAL OF INDUSTRIAL HYGIENE 


work plainly shows that this condition may 
often occur in the absence of liver necrosis 
or atrophy, in which case the icterus is 
probably due to the inability of the liver 
eclls to excrete the increased amount of bile 
pigment resulting from the destruction of 
erythrocytes. Some of the cases of toxic 
jaundice reported by Panton (2-4) may pos- 
sibly be explained on this basis. The blood 
of these patients showed a normal hemo- 
globin content and red cell count. On 
account of these findings some writers ex- 
plain TAN.'T. icterus as being primarily due 
to the injuricus action of the poison on the 
liver cells, a view which is not necessarily 
correct as it is quile possible to conceive 
that 'T.N.T. may lead to a considerable in- 
crease in red cell destruction and conse: 
quently bile pigment formation, without 
causing a. reduction in the hemoglobin 
content or number of red blood cells. The 
hemoglobin content and red cell count are 
not an absolute index of the degree of blood 
destruction, as increased blood regenera- 
tion may temporarily compensate the in- 
creased disintegration of red cells. Some of 
Panton’s cases which he observed for sev- 
eral weeks showed a gradual decrease in 
hemoglobin and the number of red cells, 
this finally resulting in the appearance of a 
severe anemia. It is very likely that in the 
arly stages of the jaundice the mereased 
blood destruction was compensated by 
regeneration, and that later on, when this 
compensation failed, the anemia appeared. 

lt is therefore possible to attribute the 
icterus in some of the toxic jaundice cases 
to the increased blood destruction caused 
by ‘T.N.T. In other cases, however, the 
icterus is associated with a marked redue- 
tion of liver dullness during life, and at 
necropsy the liver shows extensive necrosis 
and atrophy, which, according to ‘Turnbull, 
Haythorn, and others, cannot be dis- 
tinguished from acute yellow atrophy. ‘The 
liver was examined in thirty of these cases 
and in all a greater or less degree of acute 
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yellow or red atrophy was present. ‘The 
liver cells of some areas were completely 
destroyed. Some observers also found a 
moderate amount of cirrhotic change. Jt is 
difficull to determine whether or not 
T.N.T. alone is responsible for these liver 
changes. We are rather inclined to explain 
these cases by assuming that certain pre- 
existing pathological conditions affecting 
the functional capacity of the liver, such as 
cirhosis, syphilis, alcoholism, ete., may 
predispose some 'T.N.'T. workers to toxic 
jaundice in an abnormal degree. Under 
these circumstances, it is possible to con- 
ceive that ‘T.N.'T. or its reduction products 
may exert a more deleterious action on the 
liver cells than in persons with normal 
livers. This explanation would account for 
the fact thal in numerous experiments wilh 
dogs it was impossible to produce even the 
slightest degree of liver atrophy, and this 
in spite of the fact that these animals are 
highly susceptible to necrosis of the liver 
when exposed to poisons with a more or 
less specific action on the organ, such as 
chloroform, phosphorus, and arsenicals. 

The fact that toxic jaundice sometimes 
appears in ‘T.N.'T. workers several weeks 
after their removal from all contact with 
T.N.T., agrees with the observation made 
on dogs, viz., that ‘P.N.T. is very slowly 
eliminated from the body, and therefore 
continues to exert ils toxic action for a long 
period of time. 

Jf the correctness of these considerations 
is taken for granted, the prevention of toxic 
jaundice and so-called aplastic anemia in 
T.N.T. workers should concern itself prin- 
cipally with the elimination of all persons 
with evidence of liver disease and anemia 
from contact with T.N.T. Moreover, all 
TEN.T. workers should be frequently ex- 
amined by the factory physician, special 
attention being given to the occurrence of a 
slight icteric change of the conjunctiva or 
skin, the presence of this symptom being 
regarded as suflicient reason to pul the in- 
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dividual on work where he is no longer ex- 
posed to T.N.T. An accurate hemoglobin 
estimation should also be made on each 
worker every week, or at least every two 
weeks. A nurse or specially trained labora- 
tory assistant could easily attend to this 
work. Any workers with icterus or severe 
anemia should be admitted to a hospital. 
The trealinent should consist first in the 
removing of all T.N.T. from the body sur- 
face by means of a 10 per cent. sodium 
sulphite sohition. The anemic patients 
should receive a nutritious diet containing 
a fair amount of fresh meat. The patients 
with jaundice should be treated with Jaxa- 
tives and should be fed on a meat-free diet 
containing milk and fresh vegetables. 

The prognosis of cases with an extreme 
anemia is grave, A considerable number of 
cases with jaundice recover, although the re- 
covery proceeds very slowly and requires 
six months or more. See Crawford (41) 


aud Bower (42). 


Summary 


The principal resulls obtained in the 
field investigation are the following: 

The examination of 237 'T.N.T. workers 
in a shell-filling plant showed that 72 per 
This 


anemia exhibits the same features as the 


cent. of these workers were anenic. 


anemia observed in dogs poisoned with 
TN.T., viz., a reduction in the hemoglobin 
percentage, the presence of anisocytosis 
and polychromatophilia, 
fragmentation of red cells, and the appear- 
ance of nucleated and reticulated red cells 
in the circulating blood. The anemia may 
or may not be associated with a leukocy- 


poikilocytosis, 


tosis, leukopenia, or relative lymphocy- 
tosis. 

Cyanosis, pallor, and dermatitis were 
frequently seen in these workers, and indi- 
cate that the poison is absorbed. The 
absence of these symptoms, however, is 
not proof of the absence of poisoning. A 
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marked anemia may exist without clinical 
syinptoms. 

Kxamination of the urine nearly always 
reveals the presence of a derivative of 
'T.N.T. (hydroxylamine compound). The 
presence or absence of this substance in the 
urine, as determined by the Webster test, is 
of no prognostic value. The examination 
of the blood, with particular reference to its 
hemoglobin content, the character of the 
red cells and the appearance of a slight 
icteric discoloration of the skin or conjunc- 
livae, is recommended as a reliable guide 
for the diagnosis of 'T.N.'T. poisoning. 

No cases of toxic jaundice or aplastic 
anemia were found among these workers. 
It is suggested that the so-called aplastic 
anemia observed in T.N.T. workers repre- 
sents the final stage of the anemia so com- 
monly found in persons exposed to T.N.T., 
and that in the earlier stages of poisoning 
the blood destruction is essentially due to 
the injury of the red cells which secondarily 
leads to phagocytosis of the injured cells 
by the spleen, liver, and bone marrow. In 
toxic jaundice the hemoglobin and red cell 
count may be normal or reduced. In the 
first 
compensates for blood destruction. 


case blood probably 


The 


liver Jesions found at necropsy may be due 


regeneration 


to a pre-existing functional or histological 
abnormality of the liver cells which has 
aggravated by the T.N.'T. intoxi- 
cation. 


been 


The poison may be absorbed through the 
skin, the lungs, or the gastro-intestinal 
tract. Means of prevention should be 
strictly observed. Skin centact and air 
should reduced to a 
The principal measures for 
skin protection should consist in wearing 


contamination be 


minimum. 


clean overalls and head dress, and in using 
sulphite solution for the removal of 'TLN.T. 
from the exposed skin surface before the 
worker leaves the factory. Personal clean- 
liness in working and in the care of the 
body should be emphasized. Gloves and 
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respirators are of no value. There should 
be eflicient ventilation of the workrooms; 
the floors, booster cavities, ete., should be 
cleaned by ineans of an induced draft. The 
workers should be instructed to eat a 
nutritious diet containing a fair amount of 
meat. They should be examined at least 
every week or two for the presence of 
clinical syinploms and anemia. Intermit- 
tent employment on T.N.J. work reduces 
the health hazard somewhat, but does not 
necessarily insure against poisoning be- 
cause the system retains T.N.T. for a con- 
siderable length of time. Preliminary 
medical examination should insure, as 
nearly as possible, Ural no persen is em- 
ployed who shows the slightest evidence of 
liver disease or anemia. 
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The Health of the Industrial Worker. By Ed- 
gar L. Collis, B-Ch., MLA., MLD. (Oxon.), MRCP. 
(Lond.), MAR.C.S. CEng.), Mansel Talbot Professor 
of Preventive Medicine, Welsh National School of 
Medicine; Member of Industrial Fatigue Research 
Board: late ILM. Medical Inspector of Factories; 
Member of Health of Munition Workers Committee; 
Milroy Lecturer, R.C.P. (1915); Director of Welfare 
and Uealth, Ministry of Munitions; and Major 
Greenwood, M.R.C.P. (Lend.), MERC. (Eng.), 
Member of Industrial Fatigue Research Board; 
Reader in Medical Statisuies, University of Loudon; 
late Statistician to Lister bistitute; Head of Medical 
Research Branch, Ministry of Munitions; Arris and 
Gale Lecturer, R-C.S. (1908). Containing a chapter 
on RechaMation or THe Disasiep by Arthur J. 
Collis, M.LA., MLD. (Cantab.), MERIC.S. (Eng.), 
D.P.H. (Durh.), Medical Superintendent, Ministery 
of Pensions Hospital, Letcester: late Temp. Lieut.- 
Col, RAALMLC. With an introduction by Siv George 
Newman, W.C.B., D.C.L.. JED. FLRLC.P. tlus- 
trated. Cloth. Pp. 450 with illustrations and index. 
Phila lelphia: P. Blakiston’s Sou & Co., 1921. 


Sir George Newman in his introduction to 
this hook gives the point of view which it so 
forcibly presents: “While at first sight acei- 
dents, poisoning, and a bigh occupational death 
rate are inpressive, it cannot, [ think, be 
doubted that the less dramatie side of the prob- 
lem is, in fact, the more important —- namely, 
the lost time and ineapacity due to -health. 
For this is so widely prevalent as to be almost 
universal, in all districts, at all ages, in all 
trades, there is this vast mass of wasted life and 
energy due for the most part to preventable 
maladies in their turn largely attributable to 
remediable conditions of industry, or to neglect 
of hyviene.”” 

After reading this introduction one is not sur- 
prised to find an absence of chapters upon in- 
dustrial toxicology and upon the minutiae of 
industrial medicine and surgery. We are of- 
fered instead a view of a new field in preveutive 
medicine, a field which covers the working life 
of a large portion of our population. Such a 
book places industrial hygiene in its proper 
place, displays its possibilities of growth, and 
removes it from the position of a rather feeble 
adjunct to pharmacology and to the estab- 
lished practice of medicine and surgery. 
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Che chapter headings will give the best idea 
of the scope of the work: I. Industry and 
Health — A Retrospect; Hf. Review of In- 
dustrial Legislation; IIT. The Utilization of 
Statistical Methods in Industrial Preventive 
Medicine; TV. The Effects of Industrial Em- 
ployment upon Tfealth as Indicated by Vital 
Statistics; V. Industrial Activity and Fatigue; 
VI. ‘Puberculosis and Industry; VUL Cancer 
and fndustry; VIET. Causation and Preven- 
tion of Accidents; IX. Industrial Employment 
of Women; X. The Feeding of the Industrial 
Worker; Xf. Food at the Factory; NTL The 
Use of Alcoholic Beverages by the Industrial 
Worker; NITGL Reasons for and Methods of 
Ventilation; NEV. Lighting: XV. Washing Ae- 


conmmodation — Sanitary Accommodation —- 
Drinking Water —- Working Clothes —- Cloak 
Rooms — Seats: NVE Labour ‘Turnover or 


Industrial Wastage; NVIiL Supervision of [n- 
dustrial Health; XVEIUL. Reelamation of the 
Disabled. 

The treatment of these subjects is of high 
order and the difficulty of handling them is 
great heeause in the main they are at the be- 
ginning of their development. Of particular 
merit are the chapters upon fatigue, ventilation 
and tuberculosis. The addition to each chapter 
of well-selected groups of references is an addi- 
tion of value and especially useful in a develop- 
ing subject. 

While to the American reader it may seem 
that the treatment should have extended out- 
side British experiences to a greater degree than 
occius, this does not seem of importance to the 
reviewer. The book is an exposition of prin- 
ciples, of a modern point of view upon which 
schools may be founded. In such an effort the 
experiences recounted are necessarily inter- 
national in their applicability and significance, 

[t is a pleasure to recommend the work to 
forward-looking readers, and tt is hoped that 
those who have seen the subject of industrial 
hygiene as the weak handmaid of medicine and 
surgery will find a stimulating refutation of 
theie views in this volume. — Ceeil XK. Drinker. 
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Students, Physicians, and Health-Officers. By J). TL. 
Bergey, A.ML., M.D., Dr. PLL, Assistant Professor 
of Ilygiene and Bacteriology, University of Pennsyl- 
vania. Illustrated. Cloth. Seventh Edition, thor- 
oughly revised. Pp. 556 with illustrations, preface, 
index, and appendix. Philadelphia and London: W. 
B. Saunders Company, 1921. 


Textbook of Surgical Nursing. By Ralph Colp, 
A.B., M.D., Instructor in Surgery, Columbia Uni- 
versily, New York; Lecturer in Surgical Nursing, 


carded as a 
interests of our 


Presbyterian Hospital Training Schoo. ‘or Nurses, 
New York; Adjunct Visiting Surger=. Volunteer 
Hospital, New York; Chief of surgi a: tlinic, Beth 
Israel Hospital, New York; Former! Lecturer in 
Nursing and Health, Teachers Collecs. Columbia 
University, New York; and Manelva ““vbe Keller, 
B.S., R.N., Formerly Chief Operating Ti:om Nurse, 
St. Luke’s Hospital, New York, an! Anesthetist, 
St. Luke’s Hospital, New York, and >! hile Hos- 
pital No. 2, A. E.B., France. Cloth. F.. 453 with 
appendix, illustrations, and index. “ew York: 
Maemillan Company, 1921. 
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